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1 \ 



itE***CDNA7 9^> > h c 

2. WE* >'^K6 < nie»**ort^^+i"<7'^^— tfy«ttKfe»^a 

3 . WIEite**BB<DEI i ©WRitiB 2E*UDD N A 7 5 

4. *lfZ7*rs >ht><73X~ KpEP20 20^1, Skbp Eco 
R I 75/> >}-T**»*g|2le«ODNA75^> > h # 

%aiir^^^»«-a-Kr4, KpEP30 1cd*/2. 7k bp 

EcoRI-Sacl7^>> ^U*m«»r**Jt*gi2IBH0DNA7 

6 - WEii£^©»ijEttttEyi|i<E7(| ID No. 2 l:(SK$n 57W» 
E?1£**ttK|B!L,T-**T5 >»E*|*a- Kr*W«gf2ie««DNA7^ 

7. «i;ieitt?^«aie^)6<Eyi i d No. i i:cm&n«tt«E^itJi 

Jf^»zfBIi;T**M*qi2ie*«0DNA7^ir> > h 0 

8 . »*J* 1 E«©iie*S>afc*ffj<rS</MD NA75/>>hT*,T, 

. ite^sntt^^ttt^stfiDNA^^ir^ 
•Ai=Jsr-5«*Ji8K*©DNA77r/ *<a*M&i*<*;, 

7/ >K 
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K*ti*l»*qi9E«oDNA7 5^'> > h. 

S4it£*. ^tTt»U<l*-tfy/;o£<rXARG4ite^ Xl*etTfeU< 
13. ^l-^f^i KpDR4 0 1+»c**n*t»*gU2 

ODN A75 7* > h e 

15. mE75/^h^ ? x: KpDR4 2 l*C**n*»**l 4 
E«ODNA7^y> > h e 

16. trfcT*©*i«t*Kit-<T\ f>'<!r#mt£&<OX1*UfzVtTm 
■1*OJErt7yft-c*-,x, fie*£«««n«i| 8 CUfiD D N A 7 7 > hi. 
*IE»^«»^r / A^icWED N A -j 1 7> *s h*»ffi»*^ttii^* Lfc 

1 8. JWIEDN A 7-5 r> ^ h©«aii*i<mE*^*«joyD^-i'^-"tfA 

2 0. ^o^T^---tfA«tti:^/l,^+i,^7^^_^ tt<te0 5 l . JJ | lvfcm 
21. P. '<XhUxeaftpi. 32 , p5. p8, p13, p16X<* 



P 2 0 * * * 4 2 0 IH««!> 9 ». 

2 2. MiaH4«t*f yy-^t Koy^-*^ T/H*-/ 

2 3 . »*9 2 2 E«<077 * »r J; , r£* * * * »ff «tto*« L 

2 4. ^^^-f^--eAeiti* A ^ £ ,^^y.^ StttoxJJ|0te|J| 

**2 3E«<0«* o 

25. P. ^hnoidpK p2. pB , p 8 , pl3, pl6X « 
p 2 0^^««sn4»*a2 4E«OM» n 

2 6 . ae^omta 7 7 ^>h **n* * 0**0**1:: jt raw * n 

2 7. l?EWM*a<GS 115tA9, WED N A 7 5 r> 1/ h #7* x 
£ KpDR401(Dft5. 3kb P S.c !-EcoRi75^^m 
1**512 2 E«©7*i*. 

2 8. eh7WI48|n C |t^ *:~<*»*«tt©*»L,fcfcrt7 

2 9. ^°^^^-^A««i/;yt.^^v^ r ^^_^ ffttii:fiE) ^ fIL/;t# 
8E«OB>«|aiS. 

3 0. ^^^^^fBsnsiftaiacjoaBt^r^^x, m^^. 
km d m a ic * - 2 a rca* ttfa*0 m * mem* ne * 

3 1. IMC, W*B*i**0*^»K+>^r9 t y-tf«tticia»x l i W 

ttm:«v«airr^ ft ftM<oite?«. roe****** 



3 2- »*«1 8E«07ftt*Wt>XWi«|»flD*>/«^^ w?5ttt?(:a6 
*»«5l3 2E«lc07 3 -j* o 

3 4. WE^M^tt^-yr-ite^^H i S4«ffiTtuRA3ite^r 

*5W*qr3 3E«OT,-ar«, 

35. ^^»i**tt*ft*<tCF-lTAU, ICF-U3~Kt 
*DNA»cj:«ffiEW^ < o» Ke j l |^ m ^ in ^^_ A _ ite?j!r<H r s 4igffi 

Kr*W3ftqi3 5E«07?f* 0 
3 7. aKilfe^ao- KE?1<0— KJ«X*^J;^T3Kja*4T5»*ril3 6 

E«<*>7m„ 

3 8. mreiattuft^agEr m+ i mb 2 o 6 s i t 



39. tf tTjHoafrfctt^u^i^-S' -*77*-hf*^+y5 
— tfii£*4r*C*«DNA > h- 

4 0 . ttEitfiHPtfB 1 2 IC#-rttB bttH*H***-*»3* 

4 1. WEifif ft^EM I D No. 4 HE* LfcEW t JUIttfclBJ * 

4 2. ffllSilfi^^CW I D No. 3<cie«UfcEWfc*K«lwmb«|fc 
EW*irr4»*gi3 9I2*«DNA:75$r> > h. 

43. *A/^^>— 6' h^^^ijf+^^-^ae^^aiL 

4 4. fH2**l8tt**fcrtr h U*<0«tt'CJS*m*gU 3E«©» 

MJtt. 

4 5. tf?IS»SttlS*<Bt*tbT h ■/ ^CS 4 -2T**l**iI4 4 

46. * *K*>/<?#W«6*ffl*«t/W*iI4 3fH««T)*Swei. 

4 7. *Df-f tfA«tti:A;nK*>^r^^-*'«ttt©Xff LfcW 

48- tt7 '^hn«C34-252 1-3/7XltCS4-25 
2 !-4/l^^*iR*n4»5Rgi4 7IStt<DW$|Qtt. 
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n « # 

g*Z C P i c h i a ) MWtfWJSttKlMBrrSilfc** J;£/*©«ffl 

*»a*, «€»WwttM«tt7-ft-ae«*3- ku-c^-sdnakwt*,, 

ii*nti^^©ieMft (wak, icf-i, egf. GRpnc^) 

ttoEHmn* ©*a»»i**«!©#tt<o*:** * strife**. 
»<g>e»^.«mp^Kg»fcfeiz e^r ( Pichta ) k*-*< 

# ^ if tt c *y * <d j: -5 * an * x »rc i= ft m © ie t r 91 * * 

ie in * # re j: * ±* * n a a it # «'i> * * i±** s -a- « 

fc^i=»*©tt«*<icffi*c#* 0 w*.i*\ r^n- e»tt^[!a»*ti*j:-5K 

o * T - -tf ft ffl * n * <0 C +tf /I 9 IC p H * 6 C £ J: 0 * 



* «tt K M * T 4 Wiifeto® 7 a -b i/ > ^ BtX <d v * < o * fz 14 M« tttt t 

i-**4vci»* io</iii*niii±o»*<o»*jsj:c//<fci4*«*4*io^ 
Ri*t-*^fr*^««<Bi**mirA*. 

y ot-Y -fr;* -fe b t^>>x ( Saccharomyces cere 

AttS. ^ri/kVx ( carevlsiae ) P EP4 1fi?CJ: 
0 3-K$nt^4. — -tfAJiftlttttT^^^^*-^ m^T-ifC 

*t>s ae»ttft^^C7!C»A'iK+^rf-y— tfYJb'J:C/rCT^-<^—tfBCD 

y r « w ® m* <o 7 p ^ -r ^- — tf a m ft si a m ? o* > > irm t t±* a ir *s 

ftT**^UV^A<» ^a^-f ^ — -tfB (S^. -ty t^bf>>j. < cerev<slae ) 
liie^liJ: *3 =- K*nx^«) I4*«1WC(*^ C«»**«yD-?-Y 

p-r -f -tr^ ( Saccharomycca ) s TX^^^/UX ( A a p a r g i 

M u t tin ft is £ x> £te ^ nr t t »„ 



* V vtia-** ( Saccharomyces ) jLtzfr T 
*>2* (Aipergj 1 lui^ iHtt.T, HS^rf- KotaM^MlcM 
*tlt£±T (P 1 ch i a) «JN|{i. Afffi«)|:ii«(in«IXT««6n, **i 
12^ < & fe-«irt2RPa«(0«O»ft**/i>ir-*-* tk*««1- 4 c itz J; ») Sf 

tt-c*4. ^»»oaiKti»j»rt^ie*n6«a*cD^**«a>* 

* T ft m * fc « ^ 4 gpjlcE) x > K if J; y ^ o ^ r -- tf *at&r * ftffSM 
~**«Bia«flrTCit«rt|Ba»*tt4ii:lfctttt*U^tD« 

««<i»a»^w*-5tt4. 

«,T, tf + T (P i ch 1 a) C^ofT- tf5c*»*»ft-r*^t4tfJ;tf 

★ftWlwtt^,!:, e^-r ( P t c h I a ) *©»©KS KtfWilSir n T 

L^:t + T (Plchia) **ft*»#f i - tT** 0 

g^fflfcf^T ( Pichia ) M*±ifc«L-t\ aiaS»Wffitt«r9:ftS«« 

*ra^T-^x^«»ia*oai/<yw<oaa»»iw0ittit#an^^7: 
<p i c h i a) *a*±m>*n\s*>\>v*mt&jmfim<o*\tkH, m&n 

let* -5 tf+T (P_j_c_hJ_a> ^o^i/>-5' - »J >»r 



*. COiie*<0Wfctttt, ( Pichia ) <0* (Ura-) 

iey^^tt^MLfc g» 7 ( Pich i f ) »!)«MA^s^i:ffi 

fflr*fc#iO*«^d<««in*Ct-C** fl *©J:-5rxu r a t*li**: % ft 

HI Utf*T ( Plchla ) tfYSttjrigWf S * 

±T b 13 (Pichia pattorh ) ae*0fWH*IHT*>«5. 

B2<i7 , 7^i KpEP 2 0 2«>W«JttiaTfc3. 
83li^^i Kp E P 2 0 BOIWfBrtElr**. 
H4<37'-5^5 K p E P 3 0 1 ©WHWB-Cfc*, 
H5U7?*i Kp DR 4 0 lOlMllJttHI-pftio 
HS^T'-S^i Kd PU2 0 10WBttiaT*5* 0 
S7lir-5*3 KpPU2 0 2O*(fB«ia-C** 4 , 
H8l*r**i KpPU2 0 3©WBttBlT**. 
H9Ur**$ Kp P U20 

aiottr**; Kp p U2 o 6<oiwniJttiar**. 

»L 114^57-; KpDR421 ©WWttH-CA*. 

aiZJi^T Mi^ ( Piehia pt.torlt ) *o^> 

-5' -'J >B7 e ^;u+7+->-5-^ite^ URA3 i£?) OMHttSI 

Bl 3lipDR6 0 lfe-tt/pDR 6 0 2 <Z)ftSJ«; ft* * *i*X«**W UT 

si 4i*r** « kpdr6 o i«*ranfcia-c** 0 

IB 1 5i*~?9X ; KpDR 6 0 2© MPBtifiB "C* * „ 
HI 6 lir** 5 KpDLS 2 l6D(Wra*BT** e 

B17| *^±I ^^MJ^ ( Pichia p a a t o r i a ) 7of^ 

— e 8 © it e^fs) - ffl n «ca r a £ 0 
a l Bitr^x; k p d r 9 i i owra«iiaT** fl 
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****** (^cTiurie<o*in4iniE*£« t cDryArt-,co± 

*KN©*fc«ttKtlt -5*. 13K^M^^^et7 CP 

^LttsiiEe+r (Pi chi a) ft********^*^-^*. 
*«W«> £ ^irSijcD^Jscit^fit -5 t „ D N A f*»1Si * 



■t«I6«*3- KL-C^4«e^(;ii, 7*^*-**!,- KUT^4« 

jj^j^ (Saccha romyces cercvisiae ) -fu + A j— 
-tfU7-yfto^-b^ tUlfyx ( Saccha r o m y c e s c e r e v 

lTQ*g*T (Pichia) *fe**<t^*T ( Pichia ) «©— 3©« 
fre.fM*hW«ih/i, ^G>*£*<i»afcM_t, ^ ©ateliers, tru 
(c e r e v i s i a e) PE_P4*£^©m0H> < -3*<oa«tt©?m 
tr*T CPtchla) P^iaS^ilfrtn*. L^U***, 
£±Z (P'chi a ) a&^fej:^ »-y ao^Y-bx ( Saccha romv 

i'o t>r (Pichia) P^E^afi^Jiai^^UfciiiiB^Hcjj^^ 

P202 (BZtB) ^10. 0Kbp EeoRIKmn, bLCfi^ 
*^2KpEP30 1 (H4#«) OW2. 7Kfap GcoRI-Sac IVr 



*t>ii:tfl}r*4^ tt+»ttlarattt»oDNA 

»<im«t3-KLTt^ ^7 ( Pichia ) «ft^l4, 
W±*««iT^il^^|;t«/:^ *^lilBI2e+X ( Pichia ) « 

E*Irt'sjainff>K9i/«w At:*, na»nt£««ii|ini:K(t« 

e + T (Pichia) M0«0«e«»W«ttca»*/il4(Bl«Wic|gaj* 
a<ftae«t3-KLtC5t±T ( Pichia ) ae*®*ttc#i;:«a 

o«^**tt*iiae+T c p i ch i a > ae^rt^!*33r*»ttOT-^-itf5 

TGBAls* tm:i0e + r ( Pichia ) j|e^l«t«ClcT«« e 
«€-Oi:9^»ir*«tt^-^-iI£^ii^+r ( Pichia ) *tzl* ±rjrn 
(Sacch aromyces ) HI S4 itfe^f . bf-t-T ( Pichi 
-5. J <^<4-»y^o^-r-tr^ ( Saccharomyces ) ARG4 1£?> 



£±Z CP ! c h l a) t W-^QT^ftX ( Stccharomrcei ) 

Ka«»»«tt*^<_e+T c pj c h i a ) mtm* oyj&K**) mux* 

*. m&nkzzfrmK-XiilU *Lft»£*, *RB^®i&T (ccifi^ii 
•WgftTi^ttt>»T« e»y ( Pi ch i a ) lQ»(Da3I^i:, it 

4. fcU<l*s UflHZftfnWtt (HI*****?) «IKKII«IBC»«, MB 
*4rWffittt* < ft*!!* * y -.=.> ^*fr-5. 

**jx*sn4<, «aii*iiWi:wp?«tt*e^*ai*«iA*fci««*-r*"c*^ 

*S«#W«tt**< tf*T ( P I c h i a ) »{i±lzE0fc^-7« (W*. 
* ft li *<t L ft MM * f*-3 * ^ 4 * -5 C it ffi* * AM ft |; $ * 4 «ft 

^-*-ro#A*ftii«***»©.>7 h*ftc-rewo»Airj:o) . mtomte* 
*»k J; »3 ***** :tct*<ri«. aei»*tftt*X< t+7 ( Pich 



4> < t fe-o©ait*amT- wta-c* *. * * ft** 

*— I'M?. 7*4*&yA*i>*-t. 7 *ft|**o*i>>- 

t>T (Pichit) <0#*«*Urffl^*ttfc!U^ ±E<0|»ttiie^ (KM 
KDNA*r*i;:**riTl,>*) 14, »*tli«^ai^X*UT^*}fca*»tt-r 

«Fttii£^rti3**nTi>«^*ftii»HiE»ffla[tittDNA»f^®»ttiie 
t»5' *ftw3- i:ttiuti^) ( *nwo*ni-c©*m^AiaanT^* 

LTIi, H I S-4 X* g»7 ( Pichia ) C S 1 1 5 
(ATCC 20864). ARG-4 fcftbf*T ( Pichia ) tt> G S J. 
9 0. H F S-4/ URA^ ^^7 ( Pichia ) *u GS4-2. H [ 
S4/ARC4^e*7 ( Pichia )OPPFI (NRRL Y-I80 

«£^t^t'DNAKR{i, JRf*W, KpDR40lO^5. 3Kbp 

SacI-EcoR r*fK-**»«c<!:*<-c#*„ ±C jg fi^<D«*jfi3 

ttttae^WS' i:ttfUl»«) ©MOKK-li, K D D R 4 

2i<o«5, 0 Kbp Bgi r rffmii:^m«. 

*eK^W®tt*X<X±Z C Pj c h i a ) «0#najftoj:t>jcm«lis 



3 ■ * <oxm £*xmK*m*m-Dmavtm w -c7kt^*»me*r & - 1 ( - 

4o »Jte«DNAO*»xt£^*<R^*n4*ttl^ffbX. ae^HflliCj; 
C*tf}*&^©-o©#«lttf3 kT-*ftli«W9ie^©~o<3D«liBW«iJ:^ 

O-aBifit/BMtKIDNA^-flPfr^ifi^ii^-ci^,, fe U «e^ftft]»C 

g± Z ( Pi c h i a ) ll©Bli«t»KlS»-r«^*/x^^r-toj:-5*k»« 

^**t/«flKHlli x Cress et il. , Mo j . Ce ( 1 , Biol . 
£:3 3 7 6 (1 98 5) * J: 4 , 8 7 9. 2 3 1 *tz A 9Ctl« 

*6{=lijE$nft IRHIWffFtfema 1 2. 9 3 4^#JH:«B«M4. 929. 
5 3 5%fcfi|fflT#ft] £ttn«tt l J*-<>i.»aff?Xem* CI to et a 

1 ■ A g r 1 c - B j ° 1 • Chem , 4 8 : 34 1 ( 1 fl 8 4 ) ] r?£ ft £ 

±.te<omtoi*&*iz±i?mnKm*tizm3L e+T c p i c h i a ) 

fie + T (PichU) HIST**). *aM»JP«tt0^itfc^liJ:iI8K 



«ilf*Alt«IH^ (EOF) , Jtt*rfwU*>ttajH?: (GRF) , -f Vi/^'J 

>*it*a*~i (igf-1) tt£o^-3/i»eK^ni«ttiijn A ^ij, 0 
ft**, w^^aeK»w»jiai^jift*nr^*fti6. ±b*tt*^Rjtiu 
g & ■ awrtftte&rtifta&pft »g>« a y » wxx e » y ( Pichia ) 

»»»fill*<0^rttlc^»3ft5Ci^^ ft 5 . «*tf^+T ( Pichia ) « 

L<li> flW<fcT**M6lt*=i- KLt^4DNA*tTi:*t* (b e a 
r 1 ii s) tt**Atf+T ( Pichia ) K*tt* tf±K© J: -J izBfi 
K^*»tX****J:^IZT** <> 4 6izJjg«D«-cii, ( Pichia ) 

L X 1 < 4 D N A TNl»milr * ft, 

j c h i a pntorls ) 4. 

pas tor j b ) A0X1 »^^?^7U- 7^3 -^* + i/^-tfite 
?Cfc»<07ot-^- t P. h »; x ( pntorit ) AOX2 [£. 
r ( Putorji ) l*^O<0«(ieW/ ( £7A.3-A/* + .>^ tfiie 

iCf7^3-;u ^** > >'5 r — -tf I I ( A0X2 ) :-OOAOXiie^cr)3- F 
MJHiDNA* J:C/ i P'»S*l*7 i / atEnoii^O ix^/u-c^HHr«|ain-p* 



— 5 — 



<3, lt<,>* ; -^©aG^**M*n*»&*i*a<tt 

<QW«ttM*r»oTlvS*< AOX K O^p^-^-IUDtt^Tfe^ -toil 

*->^-tf»fiT©/:»ioyo*-?- H £. '<x KUX ( pas to r i s ) 
t Kn + ->7t h > > ( DAS ) Ofcfeoynt-^ 

P. Ml x ( p a a t o r i s ) ^«iOP 4 Ol&fOfcftO^ot- 

P.. v<x h u x ( pntoris ) 95 — tflfc?©fc»o^ 

o'*-*-, P. ^< x MJ X ( pntoris ) fr^OT^t K Kd 

y^— tfaef<oti!>©rDt-^-, ^<x h »j x ( pauoris ) 

SlftOiw^, JP. /<X h'J X ( p a 9 t o r i s ) flT£K*i^Ts 
*I*P_. ^ * ( Ptitor I > ) ©> #y -4/ttfli-7'^^^- 

ae? Ji*j**n, +»uw»w«t^nT^* : e i i l s g_t a i . . m 

ol. Cell. Biol . 5; 1 1 1 1 (1985) * J:C/*ffl#frW 4. 8 
5 5.23 im 
«*J»*MBM«*l*^««fe©fcai: ( Pi ehia ) IBII80*m£tt 

(ii) (a) »*©^->jrtA-Rfi|, *itF 

(b> wetr tunas* 

C - NAEFIIi, fli)Etf U^f- K* = - K LTl^ 4E*H<DIS*<DA:*> 

r*. iei»w«*ttii*tti:i«i^s.«fl)»«j'>yt^ewt3- Kbtt> 
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4DNA, S.. tt/b'-yx ( c e r e v i a I a e ) a-ifeB9? (aMF) ij 
-r~EW*3- KLTt^*D N A (/otJ/ y/fttt^- Kl/Tt>4DNA 
BEWtftti'x iys-irg) „ teJ:tf^-> U £>C >r^^EWOJ; 

* Rft« I- K o T * n £ > f- d h n - 7 ■U3T*ttf -6 « * - 5 * - 9 - 
I* (a) K**#X#') T*-Wtm**±V#>) T7-A>itm&.*Vk1K-ri + 

■%«KfTUaT*EM*ftt;DNAEW***LTl>*, 5 

*W<ODNA««l»*s «9l*Hr-; KBlr^y > Mitosis 'mto-TiX^iz 
WMlrX" ^*T*^>-5o «R*M^M£fi£4&*3-KLTt*SDNAE*| 
li^o*-*-. ^>-5rf-/VEn (fcLAH^nStt*) 

.tr/fca!** * K3**<0-trry y MOElSHi*S*«KliMtt©C t-PA « ; J: 

ot9DNAIK*K£*nT^*_tE»ai*-lr* K0*«03e-T (Mllli* 
S*ll, *»!Hlctt,/cDNA«l«ffe^aB{a[#||«ttii^irj:4aaH»IW* 
tf** HiI*ttDNA|flt (*©*©DNA» 



* n* D N A«tfcttlitt*ir—P*fc<i*nEtJ:W»5l* -t » h izUoJiXMPi^ 
WJtlfn »3t« P.. MJx ( pa b tor j a ) ff^MfeJ: 

c/*i * hi a*r * 5t it &t ^ c, m $.x z n * a « n v - ^ - « 

*<*if t»ti4. WAIi. H I S 4 • P.. h 'J X ( p a s t o r i a ) 
^■Ib»IiS.. -fel/b-y-x. ( cerevisite ) *fct*P. ><Xh'JX (^ 
a a t o r i s ) H t S 4 afe^Wt^n^T*^9 ARC 4 ^atW 
*Z- ^X h »J x ( pastor is ) **er>*2KlE»Ktt:.S. ■trt'K'^J. (c e 
r e v i s i a e ) A RG 4 gg^S^ttP. h 'J X ( ptttor.is ) 

arc 4 itfe^o<ffli^n&-cJb^>7 l> ur A3 -assfrgnttp. 1<X_M^_X 

f pisioris ) t»er>JBKti«ur{*, S.. -fetxfcfv'.x (c e r c v I • i a 
e) URA3*fi?*fcti£. ><X h'JX ( p a 8 t o r 1 a ) URA3 «fef 

- * - a tic « Bfl ff> d n a *t « © » * »» o Jt 9 naoiF^ J15 KIE» * sjtt 

lw-T4 0 aL^aim^JlffiT-rt-irfiTytf^ 'J ^Wttitfe^ (Amp') , -f- 



ri, ayw* Col E 1 tt£A<a*n« 0 

Mffir&s, Mui^DNAtttff-camtefflsnfiPaa-c^^-fiUjf 

LI* V?X; r OJBr** (US, -*iDNA^-A *0*.9f 

# Kb © K «^ ^ 9 - fe jag« ii ^ it n e o t> *j -p « « „ 

fc^»7 ( Plchia ) *©**tiBKte»f tt^tfC^ -to J: -5* 

x b&m*tz\±£mmvnt>) *-<>i**wxHmmz±t) x*t ( Pichio 
<o ftp ss t ± urn r * « e * n i -r * - 

J: -9 ttat*PTer>Jt*n±«liitfe^JB9Hift^i=»»t| MI6V«R9t 
tori s ) *fel*-»K*0)|H!tttiWirfi5<Bp HttfAH^OT s «tft 
> 9 / -frft*&'7a*-9-*fflmTZtz*>^ Jfil;JWIW, 

*i* cttm*n«*i«wpHiiftaj3«ffl$nfct#JEwia£»*i-krj'««*n4 



ttPB*frT-C4>JMHHNj litter, 7u xfr<bto&.i3Mi<olSMtk&zlL&mtlt 

^r«mK*«*m*ux^*, mis ±\m<oi*mz>t*mmn am 

ft*MaM9!ffi*« *WK»W*<J|<««i;:iH«*n* P.. hj * <^ 
a s t o r I 3 ) O/^/-^«»A0X_I«fi^*»***lfc3riae-»r- 

m*. *fac»{iti*rj<crtftr*p.. m * ( pas tor 

IgK^««fttt$«ffi <P1XJ**]WI CF-U ECF, GRFtt£) * a - 
KLTl'ftDNAEW. *J;tfP. /<x h jj x ( p a s t o r i a ) A 0 X 1 it 

e***«i**n*:M*-i *-^-t^-et,« 0 *ai;ii— 3 * 

DNABfrK_h<0ttttt<0ft8l»-b.y h*»ftfcrf> % — ooDNAW^Jkfr, ft*- 

****** HrfiWK»sn«-<#*Fa^fli|iJ|Siig|flEflD4^^, KUfr 
«DN Alirfr±i:ff«-r*-y-*-ite^TliaT#*{i>< t 4»— oOD^^ttJl 
h r ) X ( pas tor t s ) tt«T*S„ fftC<i H I S 4 ' 

<cs i i 5) tfcii ARc^i- (cs i 90) *-i*a:**tt*«se»*p. 

'** L2L* C p a a t o i a ) *J&<fflt***lftA<, HI S4 V UR A 3' (GS 
4-2) ttzlt H \ S4 / ARC4- (PPF I) -»tt£**tt XttHftP. 



*DNAE*lfc<e*ftt/*5A£ KPVx|»A*nft 0 

-^afiftt^tff7 ( Plchia ) «0*^^»^n**«DNAirK-** 

< p l S & i ft) r> A«>4»ftwg|{4* (BJ*, URA3 1tt^) DNAOB 
* L^mnttB«»R LTWftttlt-C* ft. fe L < IKOff«ll^ltE9|ftf 

Tl»ft) fcT + T (P I c h I a) HO«{llin^1|R^« e URA33X^L 
^«0«OURj^itg^**eDNAirj:ftJBKlEl(ICM-c#, 

ttfllU/ilBWrii^^^^aHiKStt^JIS^fclCJ:??) . 

UR A ( P i c h i a ) (*£t+7 (PJ_c_hJ_a) *- a 

ft. cti* "xtfisiMM- <fc#***l 

«„ *en»«*tt**< tfiz ( Pichu ) ©ie±ofcrttDc©*«M« % 

«e«T1*iCF»*i& £ l 9 -EW«ro«m^tt*^»r J; •) «3E**D 



R_A^wiic»^<-M«»r^H©«tioaiiewiB!**^*3n4. 
wOfioafc^aaiiftBttici*. s-7/i'^a-)t-of->it cs-foa) 

*3hT-*J:E/1ilEWU_Rj^3jtfc^ ) tW«^^^-lidA,rt>S. Ura-t 

HKl^irflfJURAlJte^H* ( "*-,7-T*h' ) 
*Cfc5 -FOAftaotlTcTU r a *»»|£Kl**<^ ^ U - > * *xfc e U R A 

t Pichla ) »Oft±irw(0»!R»*«fflr«fc*&lcli, t^»7 ( Pich 

A_3,ae^*»ODNAWigWT URA3- ?g^a<f$«i£aignft. its^fti 

»eii^wstt^a*<fcii«ttw<cK«Rtfrate^cottfflir-oo«ie^ 
fe^cy-^io^att^fiiie^fj^^^iiflno uRA a ag^^-wft, ur a 3 



Aj.afe^^ti^ftMtt^fc^^^tt^g^^^^^^^^^^ 

(S-FOA) (UR A g* *j;j:tJrtW*tifc*^ »ttlC<t,T** 
©*ft<fcfti»«i-fft) *#t*i*±<C«*r«wtlCJ:0. «WrrURA3 
M&TtX < «*<»tta»?r # ft. ntif ^ URA3- «<1^ ^ ->^V«tt©#3C 

r "5-FOAitr UtfTli) . tf«ni: URA3- a»15~F 

OAtrt»LT*Mmi±U *n*«URAi:aI)»©Jt«ttti/* 0 t a 

*n-cc^« 4 , URA_3:*«»iim7c*nft©-c, »^n«ma{ia#?Bnit^» 

n - 4 L T URAJ_ * W U H| \ y "C » K S M T? ft ft . 

»tt«iRr»ft^a& % cn^ tf^T C Pj chl a ) #^ j- tttt^Mfi ft^k* 

**.ft*DriiwA*>ai.> y -r-r h - ^ t urttwrft ft B 

^*4aTC^ft URA3 - hr^T C P 1 c h i ■ ) ttfi^/WJBouR^ige^fc 

•tux, tfcjifliiPi^Rjriiflisnftw-c^^^-fcUT) t©rj»i£4h 

*«W(*^^rWTO||»«*#JBL,VA<iiJ:0l»«f=lttW#nft^ KIT© 
HliWKMWinfttatfTlittKc 

: P. '<* HJ * CD » « t o r I ■) PEP4afe : TOi»M 
P.- b '1 * < ^_a a t o r i ■ ) PEP4 <fi^li, Wm^fi^^o^ 



* -tr U b* -X. ( Saccharomyces ccrevisiae ) P 

'^'r-y 5^^iOEMflL3P. h 'J * ( pntoria ) r 
MDNAT-fr? ';-4>4B«8nfc. '^7'J ^-f XUfi»il7r-i'D 
NA*£fr»tt7*5-?**H*4:Li:|::j:l>j>. /UMJ^ ( ptttori 

A. P. h *; * (pas tor is: EMBL3y;^DNA?><r7'J 

'<^U7t-^ A4<£. >^hn ( pastoria ) PEPj_lg 
^©^□-x>iT©/ri6CDit|i«*<bUTafl*#ifc. P.. /f* r ( pa s t 
oris) f j iDNAOSau3 A »#«<t<!>fir lt£4»<Z>*lsM. D N 

7r-i> M^-EMBL3 (Prischauf, A. — M. ej_ «X 
(1 9 8 3). J_. Mo I . Biol , 1 70 : 8 2 7] PV>v*A*<Xfc. P. 
^^'^( pgitof Is ) DNAftfEMB L 3^? > t* hoT 

««itttr y *r-»Zt\,<9?*} *-? r -» x _P. ^m;^ (p a 

3 t o r i s ) yMDNA7^r?'J-t)»ft, 5^^-5«J-<D*tlI(iifl** 
-f ;u * T?*tt 3 * * M *1»3E M4> Jt D N A <0 it ic J; *j* * tl fz 0 
[Cregi eJL a ! ■ Mol , Cell , Biol . 
5. : 3 37 6-3 3 8 5 ( 1 9 8 5) ] «rW^»-C*«Sn^e^T h 7 * 

( P i c h i a pas tor i s ) *f J 1DNA (NRRL Y-11430 
^ Northern Regional Research Center. 
Peoria. I L) liO. 1 u / * g eD*»«*-C. 37ti:T7. 14. 2 
1 *f J:C/2 8»«-f >+ A ^-i^ , >KJ;* S^aju 3 A <Di|Mt*H» Ufc„ 

>«68j©— Sili/ftffcanrcDN AIjtJTO*******-*-* 
fcAl«7^-XY^ «K*l*<:J:*3»«*n/i,7*fJ:rjfl 4#-f > + * 
>**i>-«ft**|l*3:<fc LT9 - 2 3 k b *Ht**itt o Tt ^* tm+>tltc 0 
Cft«*>0)?PMi:#!*T-^u T*c , <OJ;'5<::MW<*tx*:EMBL3'<**- T- 



ttH^tf-SOGll? (8) 

EMBL3^f?- r-^^- (EMBL3^c7-^>^^ h, S 
t r a t ag en e. Clonlni Systems, San Diego. 
CA**»*ttfc . ^prt«241211) ^BjjnHl*?J:C/Ec_o R i 
li*«-at«ftirj:?)slMinte. X* 7 r-HJr**7-A*a*L-c;t>4* 
* ttB_a_mH I / Eco R I ij »s -<ix* ^ J: SMttttKlC J: rjMfb 
tti>^»*S*lfc. 1 * jflEMB L 3«ffl<tT-i^coS_a_u 3 Ajfl^btf + T 
(P f c h 1 a) y ^DNA (0. 5*g) ^«*(45tf ICD«*»d»>jco4 

2- t!?.* b ¥ 2 <P a 9 t o r 1 a) y^DNAIrfr*j;U ! EMBL3^^ 

trhDTftJ*<D/<v>r-v'>^at b « J CS t r a t age n« EM B L 3 ? □ 
-r.>r+yh) <-i^7y-^>7*nfc B EMBL 3<:J6^<_P. 
.LI* <P a 8 t o r i s) r^A7>f75»J-(4|§tJ|A7r-i?*7'D7T- 
?P2«ftfe*MM&W£*F2 3 9 2 (S t ra tagene EM B 
L3*o-->r+v h-C»«*nTl>*) fcfcfcK»*JT*Cil::J:»)«M*S 
ii^o aTSfeB'<?*i; *:? r-i>(i*||iai*P 2 3 9 2*riiil»L<ct> 0 P 
2 Mtt**f * SPtfiie?: o-^r *x < it E M B L - 3 1= U 

tLt ^*" p 2 3 9 2*«mrni*. Mm±<p(Eiftjt.7 7 - y^**** 

EMBL3<r»^<P. ^<*h 'J* ( p a s t o r \ s ) yy/.DNAOfK 
t<orb-H:SM«««t <5. Bff NaCl. 2g MgS0, H,O. 5 
0ml lMrtfX-HCI. PH7. 5.fcJ:Cf5mI 2M#?f>tiy, 

t^jificryy A£**tt»uA;. ;«M7^ >; -i*n 1 o y j a^**^ 

A.rte*J. -t^^ftTJiSxiO'^^-^je^riXml (p fu/ml) T*. 

fee 

B - ^°-^^S. -trl/fc-^ j: (cerevtsiae) PEP 
^WO-SEMBL3 P, ^MxtDinn rli) y^DNAffl^ 



50. 00 0O««IA7T<-y*i:C/^»B*l|J(im£«lLE3g2 
(Stratagene EM B L 3 ^ o-->>)r+ ^ r T«{K**i*> «-4o 
«>7c#^15 0mmru-Hw»«L^„ 6 - 7RHSllt»4#fc* % 71;-^ 

*ftU *^T. S.. -ferUhfyji ( C e r e v i a i a e ) 
PEPllfi^ [Thomas Stvens. University of 
Oregon. Eugene. O r e g o n <&SfJtaT*£ A* \^fz S.. tUb'-^ 

1 (cerevlsiae) PEP_4 #6\ r ^rttM * nt .S. fetv 
b'yj. (cerevislae) DNAO^Pil 4 . Okbff^iRothm 
an «_1 , . P.r 0 c. Natl . Acad . Sci . USA 8 3 : 3 

2 4 8-3 2 5 2 (1 9 8 6) f>R] T«IJftt, ^Y7'J ^-Y -tr*— •> m >lt 
30«*yui,r/^h K, 6XSSC 5^fw-h»«, 20mM r ^ - 
HC 1 ;pH8. 0. ImM EDTA. 0. 1 % S D S J: f/ 1 0 0 u %/m 

1 tyiTDNA*^**^ 37lCT*«l$n^ M7Vm-f B > 
». 2xSSC*!J:V0. 1«S D S *fflL^al-C3 E7 ^ /P^-trftjfkUft^ 
wn*<0*«J6D*»i;;«^T. 2 x S S C * i 0 . 1 MS DSf ffl^T5 5t 

S.- ( cerevislae ) P E P 4 << 7uy 

^Xr«DNAm«l 5«Wtt7'^-^*c 7 ^ /u^-assf- h 9^31-^^ A*, 
(in duplicate) W«9nfc a 1 5 ^Wtt 7^-^(0^ + 
OfflOOff****!^ SM«Hr*^U«t>/c 0 mji^ra^^oeo^lo-'JU 
AC^l 0- f ©*tf-C*WSttL E 3 9 2 tttK J: £ 100mm7^-H: 
ftWLfeo JK 107*5- 7X9 v -->^ftffl*tt/ife<D£ffl--<r^ W 7'ij ^ 
■f if-> ■ > ii J:tFftj%*rt-T, S*«7U- h O 75 — 

a<S. -trbf v^x ( cerevislae ) PEN jtE7kW tt"rM£ 



^♦ifc. Cin^<09o<D75-^©#»*<i 0"*?J:tfi 0* T O»»?-C^JM|»Ht 
LE3 9 2 < trtlcWxSttioo mi „7 L/ ^ hcf|flsri ^ i) w ^ « W <o 2 |a« 

T, S.. i Utf-yx Cb e r e v 1 a l a g ) PE__P_4 or u 
-hO^vjT/b 7^5-^ »;7|.«<iiinfc 4 ^tcriz-hliru-H: 
Wl=»*rr«»l 0-2 0079-^t^rK 7-r A,9-<n*~ h5y 
♦jft^tDT*!/- h±Bt^T©7'5-^^P^P47 , D-7i:/>^ 

:h^»M«C3o (** 4 7 2 1, 5 1 1 lJBAVSlSli^^n*) © 
**«M**,DNA*. tA^7r-^>:ftnu^ PEP 4 afe^<Piay, 

tom.w)to±u-*79 :s(t<ati*>iz'< 9 *■? *r- s Jmmo>mm& cMa 

n I a t 1 s. T. . Frit.ch, E. F. to J: VS a m b r o o k . J. 
Mo « e c u I a_r Cloning . A Labora torv Ma nu a 
X-Cold Spring Harbor Laboratory Pres 
s. Cold Spring Harbor. New York. USA (19 
8 2) ] *m^xmttttifz 0 

c - S. UfcTy^. (cer evislae) PEP 4 jtE^lz^ 7 U 
Xl/fcEMB L 3 P. ^x m^ (pastor i s) yyi.DNA ?^7f'J 

EMBL3t + 7 ( Pichi> ) yMDNAf<75 'J -^^O 3 00* 
r«W(4 7 2 1, 5 1 1 1fc.tr/S13 1. JlI5»JW> ^ #*lft:aUft^ 7 r 

0NAii*+©*(«x> K* ?U7- tfT?»ffc*n, 0. 8 K7#o - ^ 7* 
^i:-C^«*n, if^i7ni Kft£lr.fcn5!*{tSftA:. * ^c, 

o*irtwcDi tf 1 **2<3T/fP-xrA/_t?$7m£*u - hD*^o-x±ic 

* **ltt«&*MS. -trUt^^x ( cerevislae ) PEP 4 ilg 

=F<»mRTmm*titzo 3ox^i7A-ftK, e^ssc, 5xf>A-h 

mm. 20mMSy^-HCI. pH8. 0. ImM EDTA. 0. 1«SD 



SfciCFl 00 va/m \ *y*^D N A 3 Tct*,^?*) ? 

< tt^r:?* /U*-tt2xS SC^AlJfO. 1XSD 

S*ffl^TMT5#M3(sL «t*T2*$SC*J:rjto. lttSDS**Ux 5 

2o^^o~> (511 1*jJ:C/5 13 1) ^^ODNA^Ul^xf 

*30?d-> C4 7 2 1) ^eWDNACHCmYttt^^rtHnc^fcllftt-/^ 
->&mz>tltz* S_. -b bfcfy* ( cerevfsiae ) PEP 4 itfe?affft- 

D. ^o-^ftP, ^Xh'j7(paBtoriQ PEP 4iE?g)y7^ 
p-x>;rfc.bcM#tt-^ 

^o-74 LTffllBIWiCS.. fcHi>>x ( cerevlsiae ) PEP4 1 
fif*ffl>^ Ec o R t mitP. ^Xhn ( pntorH ) V/iDNA 

T'a r h yy ^ ►miE*nK:c:£ p_ ^ 

x t; 'J * ( putorii ) PEP4 ilfc^t*P. /<x h 'J X ( pastor 

j_s_) Awi 0. 6kb e_cjor r «**jift*ftTi>*. mini cir 

EttLfcrt <?d-^47 2 IOEcoR I SMtD N A<5t if > y r 

"<f r'J **ia<S.. t^'^ ( cgr<Yi«iat ) P 

EP^ JIfe^/xYyj ^-fXLfc 10.6k b»W*4^t^C 
irLfc. fro-WfcP.. '<* h'JX ( pas tort a ) PEP 4 itfc^Ottffe 
*eftlw^-«fc**><c. Jt«4 7 2 1 i^ODNAO E c o R I »r#_tK#*na 
JP. ^^h'J^ ( p a 3 tor I s ) y/iDNA^pUCl 9 rt-N o — 
WfcSfi*:* ?o->472l(25tfg)4«300^l Ofct«ip, E c o R I 
(60m&) l=T*{fe**U:. rfWtDNAliC, 6 5 H TfS a - X yAdbTfrJIt 
*tix DE 8 I ci 0. 6k b E_c_o R I «KK 



4 0 0 ix I O 1M NaC I fr6ftt*dl*tu 7*y-~yU/^ a 

n*h/WATtttfie4Tfc 0 DNAWftCx*; -'U-Tit»**U 1 0 ^ I 
T*KM»**ifc. ft50ni«10. 6kb»miEcoRlT«lllin, 

»>; >mt*nTt>*»*s>p uc 1 9i^tt**ifc B *t&m&o>H±mm*M 
ci 0 6ic«iis*ctt«*nfc. Tvti/ijvitt^D^a^sn, » 

■rlO. 6k b E£oR I»rfr«>M*Pc 1 --DNA<OIMMkWIB«^«J©» 
tffl::.fcDx* *««:7*xi KaliM&liaEU^^Xi K (p 

EP 2 0 2 iSttl* *^^3a^-^^fTEM*n^o KpEP 
2 0 21*** P.. /<* h'JX ( pe»toris ) PEP 4 jj6^A^U£ 
(B2#IR) , 

*ti-WfcP, h 'J 7 ( putorlg ) PEP4 ife?gEW^«f» 
*Ri:r*/i»t: N P.. ( pas tor I s ) PEP 4 itg^O— « 

*<P UC 1 9rt^-*?>o- Wt**ifc. :f Sx £ K p E P 2 0 2 li B « m H I 

*tu DNAO0. 4 5kb BjjnH I *rtt (O02#fR) *<D E 8 1 "t— /«— 
WMifrli Bam H I iz* zmiltz J: rj x gu*{t*c*u JR 
U >M4k*n-C^*pUC 1 9(-2 0ns)£i*****ifc. I* 
<*MC 1 0 6 1 ic««*fi*. JBKCW^KT^ef'JVitttrajR 

**U i/y^UBimH I ifr Cff«t a o-- D N AO«R««jHMO^«f 
U-->rbfc. ^<Braj^jftfr*£b4>>r/U=iax-(**ttttDN 
A**W*&^l»4ci^M»Sh, p £ P 2 0 5£€tttf*ixA:(H3#IR). 

■^3X2 KpEP20 2OEW»»TS, -bL/L'^x ( cercvi»iae) 
<3£ELP_4*B*£~7 0KCD«|BI****oDNAKWtlSIK*n^ p E P 2 
0 2<75 C OE^CJ: 0 3- K8tlT^47i yttC^JrtS.. -bUbfj/x ( c e r 
e v I 9 i a e ) PEPJ_«fi?i:j: »> 3- r *ntl>«EMt 6 9 ««W«t? 
**, 

*mm r I : P. >*X h U 3; (p a ■ tor I aj CPE P4XX (P EP4-) 

a. p. - m x Lbjl* 'o f ! b 2 pep 4 mttmm*. 9 9 - p d r 



4 0 i<pf»ts 

P.. ^^h'Jx ( pialorlt ) OPEP4X* ( PEP 4 ) **>5HII 
i:«fflt5ft^^^-pDR40 1*<ft«infc. CO^O^-li, P.. /<x 

b 'J ^ ( pntorit ) ^PExi»o»»eiiiraffl*nfcii*, wjfen 
P^j.ae^witttiriiflfiyy ^rt^ia^in*, ^»o**p_. ><x h 
'J* ( p a s t o r i < ) PEP4 aeyt^n^. 
PDR40 1 i4jeiT©rt< 2i«j*rff«*nfc < , mors-cii, p ep 

2 0 2fr«.pDR401 f*Mi::*!tf 6AW<?*- (M^^^-dEP30 1) 
*^§a$n/=. ^?f-pEP301IJ»UCl 9Cfl«J:Vp EP2 0 2*-4- 
<0^o->^tP^. ,<x h rj x ( p a s t o r i a ) P EP4 1fiTttATt»t. 
^X: K p E P 2 0 2 CIS he) (tS±c_i -CfHitttltz, 5. 5k b $ 
■ c ( »f«- ( Sac ! U >/?-^^P»>tiat>*c5l»<O S > e I mMVOLlfiotZ 
m** fciyttTOpUCl 9BEWfcJ:^P_EPj > iiS^tft^-C^4 ; B2 
*<DE8H-^~*fflOT0. 7«7^D-xy,»Ujb^J|l»infcp m 
KH4 0 0 a I ©1 M N a C I -C<-'<-*> **u 400tflO7x; 
-A-/^ n OT*-.^i-C»ttm*n, x^ y -^-cttaSdn/t. CiODNAliltf 1 
©y n\ (-10ng) CDDNAt*tl OOmI «D**4»T-t 

*TBIri*»Snfco *««*«JI*MT1IMIK > + ^^-h*nfc0l. ^» 
■t*MC 1 0 6 lOJSHI&SilCtMljkn*:. T>tT-> 'J >»tea ox- 
ti, >>r^5. Skb Bjll Ilf^»a*3o--DNA©IMIIl»*«l 
<t*9G>rttffi;i 0 X* M-x>rLfco KD NA|*iEL,t^^X £ K 

(PEP301 DB4) **t/MC 10 6 1 <D»1Hc»3 ox- 

pDR-4 0 l<S>fPBJ£>W2Htl'&l*"CI4„ P_. /^X MU ( pntorl 
_s) H IS 4iia-T^ PE P4 ftyrjx£ KpEP 30 lrVN#PA*fl, *H 
^^^-*<»^n*„ P. '<* h y x ( pastoris ) H t S 4 ilfe?-tip 
Y J 8 A C 1 a fr£ttg»nS2. 6 k b Bg M Iff^- {Cregs, J. 
e t at, . Mo I , Cell , Biol . 5.: 3376-3385 (198 
5) ] ^^Xi KpYJfi A C I a (15M) l* BjJ I I 



T*ffc*n. «<t*n^DNAiio. 7«7-^D-xy^±T»«i*nte n 2. 

6kb|trtt-MHJ^s_4it e ^| 4400 ^ I ©im N aC lTWtt*LTDE8 
l^-^-i^$|Sh, 4 0 0a I ©7*;-A//<roo + ;UATttliJ4ri, 
i^Z-^rttiitiT 1 0 u I ©*cH!Bal#nfc a C©2. 6kb B^j 
I !KfrOpEP3 0 1Q»m>i Bgl 1 F Wtt-NOfrAKftfi^T. «20^ 
g<DpEP3 0 U< Bgl I !-CfH<fci*u «y >flt^*n*ij:r/7xy-;u/ 
^DD»k;UATf*toinfc s fcK, tt50nt:O2. 6kb H I Sj. *ftKW 
*W5 0 n gQ Bg I I lfHfl:pEP3 0 I o« ff* l/i loy>y 

--trfe^C/7k**^»4lTl 0a 1 0*«*T*lt*-*ftCt»rJ:*)2. 6 k b 
ILLS4.«W»r^pEP 3 0 1 rt-v»A*nfc. lt*UZal-C3Mlllkftn. 
IttS^UMClO 6 l«Me»«K«llc«fflsnf=. 7>f >y >Wtt3D 
--A^a«*ftfc^5X i KDNAtt B g 1 1 I, Sai l, B g I I I / S. 

Bg I I 1/ Sal 1 , P vu I. N c o I *«fcC fK p n I riWfbSn. 
PDR4 0 l«ff«**»llB**lfc. <WH*rt^^-v«iELt»7'9xi KpDR 
40 lUJD|»*n* tWi-ttL/i (R5#IR) , 7*X£ KPDR401WP. 
EPAWaiE^rtO^Ifi BjLt I I «{fcl- £. /<X h y x ( paatori 

.»> iiisiie^ »'}f a * hfc P u c i 9 r * o , Lfc*<-»TPXP_4»*it 

B - PDR^01'Oifr<:J:gHl S4P. ^h'iX (pa a to r i a) 

P. ^X h j/ X ( p a a t o r i a ) g> P E P 4 tt*fEfr tUttiA^ H I S 4 
PEP 4 P,. ^<X h x ( p a s l o r I s ) jfcC S 1 1 5 (ATCC 2 0 
864) *<X7xtf^-5x rfc (3|eai*MrJH4, 879, 2 3 1««) 
TpDR401«>5. 3kb Eco RI/ Sac I MK2 O^gTCTKIfcfe 
nfco pDR4 0lOC(OWfM-« H I S4 itgytf«t PEP4 ^ag^^-ft 

^t'T^»Kte»iitt^^KJMr#*, ffiVKttofjuratoi 0Vg-DNA 



1- BttlEfttt** ** y^-ff- y-tfYStt^ff 
H i s 'teUGfcfcttfciran^-*- ><- k-f ifcfex? y -->*r* [J 0 
nee. E. Genetics ,8£:23-33 (1977) *JK] **H>t 

EPD (B9f*tiJ«r. lW^^l-v. 2«f + x r D-x*s.fcor2K»30 7v 

*i.7 5K(DMF)*tt'0. 6K7tfP-*Y/U4oJ:C/l. 2mg/mi<0 
•IAPNE (N~7-fefjl/DL7 i i^77i>^-t7fAiXf A) **» 

Smg/ml 7r-Xh r a<D*tt4>l=«fl| Ufc. APNEIirt/Utf 

A<, ^^-pDR40 L<0»rK-cOI6i&»m:Qcn^<DfgKC»f»O P_EP 4 
> iz J: 6 ft flfr ft to i: « W * t\tz„ 
l£*/L,.t:+>"<7'**'— tf^1tt^u^2 0OKHe«|(*W5 (pl-p20i 



tf «¥B-506117 C10) 

3kb icoR I/S_a_c I Wtt-tU-C«m*tir4lir-C*&. :hb<D^ 
DNA^*2^cD+"tr>ra. y r^^-frnjasn* . 1 ^ >oro . ;p M4 ^ 
o-><lfc_P. '<X MJx ( j>_a stofis ) P_i_PA*G^^-« J t*ti'PE 
P30 1 (E4#H) 1. 4kb X_b^.I/E_c_2.R Virfr 

tt^^ay r«*iU^«fc^**t*pDR4 0 1*6©»*S« 
»2. 6kb B^I I^ T «$n/=. itttoa^TS^ IteJiVE^ 

S_a_c_I fciVEcoR I K.fc*GS 1 1 5 * 6oy ; A D N AVfttitlz* 0 
p E P 3 0 1 OttWttWBiX^il/Ec^R VWfr+K***T^*PEP4 

d - ri±#» 2 0 cq**KI£*{*s> S_a_c_ I / Eco R I 

W{tDNA^<0«/Xr,fc^#*c*rM-|l^<^.j^^XL./r o tip 1 7*etOD 
N A £) * ft<M(**n * co D N A / > -f "T y ^ ^ - , < ^ „ > t ^ _ > 

»0*>i 9l»li#«liPEJP_4*(tlc»«tttt2. 9kbM^'J^ 
-<X*rK-**#, PET4a£T7'D-^wrunxti^5. 3 k bff 
M-**Cf/*fcli - ti ? ** < ci SW -t^ ATi , fc- 5. 3kbWfrHSacI/E 
coRH:UMlUt)^?-pDR40 l*<*ttti*tl4J»<E«DNA 

*d 1 - p 1 6 if J:CFp 1 8 - p 2 0^<i©DNAOtMf^n v h/wru 
-F- <p a s t o r i ») © P£P4 J: 0 *****IM»<JD r o 

*©*£W#w«te*»*rT4*i6. *xt*n r 1 i:iE«*nTt'*jfji;i»p 
1 3 * 1 7 h ^»»TJtiB * #ifc 0 

a -/a r j— ;U 



[G - ene t ' c ■ , 112:65 5 (1 9 8 2)] i;^<JKjR7^-<*ffl 
l^TffaHkn/;,, ^<^^<0««l»fc*^ctOT-7Hr^Tff«inyt : P_EP_4_ 
*J:CFS.. jrUb'-ya. ( c erevlsiae ) <D PEP4 «! (»DBY74 7 
***Cf20B12, S*Y 8 ., t Genetic Stock Ceate 
r. University 0/ California. Berkeley, 
CA*»*) *J:t/P.. bVZ ( pastoris ) ©PExiwsaa* (» 
NRRL Y-11430. Northern Regional Reaae 
arch Center. Peoria. I L) , 

^. -trUf^J. ( _cerev I s i ae ) O PEP 4 ME^tc J: rj 3 — |>- 

S.. lUtfijx ( cerevisiae ) «KR«D BY7 47 ( PEP4 ) fe 
^^20 B 1 2 ( PEP4 ) . PEP4 P, .<xmx ( p a g t o r i b ) 
*nrrl Y- 114 3 OfeJ:C/P. /<x M x ( p a s t o r i e ) <P»M 

pj^_4t*<o»»**YEPD*it*jEirw*rit«i*if^ 0 *nmm (20 

OD„ 0 *tt) 1 1 OmMTiMfc* h »; O^^rft^* f*iz400« 1O100 
mMf.-;x. P H7. S*«ttt»tt»^5xb--X*l»|y|iK/^,irx-*-* 

< 7*Df^t-tfAStt^K»#n/:. »tfttl«'st/De> (4 0 0 a i) 
*50« 1 ^«tttU^!zftax., 3 7tT9 0»«lO+^-t.u, 0. 2m 

W*L. 20 0^100. 31 M N»Clt20 0fll «D±«*lcfloA/:o C 
nm*<f)<\ 0/i I i:*fL. ifi«T = ;Bt<Dtz*><T>P \ e r c e BCASGJT7 ■/ 
r C«*l/IJr*B*fW»4. 83 9, 2 9 5«JR) tfll^TT,^ 



C^oafcflfl-c^jhsnfca^B^cDKW^^^i) .pjcffs-*- 
A«ttc«Rat-p*«. 

b. mm 

A^tt»4*OiB«T 5 >M<oafltcrjK*T'*4) lis. -trUbT>^ ( c e r e v i 
» I a c) ^P^±_il*<07 > o-P'<^--^Aj5tttiS., -trl/fcf^x C c_c re 
vlli ' e ) ®PJE_P4j;«i«*n©fto^i o«?**c<t*;F urn*. 
»*K. PXLl«»lr»* (dpi, p2, p5, p8. pl3. p 1 6 A>«t 
tfp 2 0) torof^-^Agtt^S, HUM*, ( cerevisiae ^ 
^P_EO^«*<0*tlOt!jl 0»©1 P.. r 'JX ( p a a t o 

g> P£P4 ff^ffl»[iS. HrUb'^J: ( c e r e v i a 1 a e ) ep P E 
P4*®^»0^?^-*Afttt^^ 0 



—10— 



ft] 

-ft- »»g AOD/^gfit 

0SV747(S. *■ u f ^x(cereviaUe)) PEP4* 2J. i 

20812 (S.tl/fyx (cerevlei«e» PEP 4 - 2.7 
P.^WpastoriaWK PEP4* 13.1 

(MML Y-IU30) 



Pl3 


PEP4" 


3.3 


P20 


PEP4- 


4.2 


P17 


PEP4+<?) 


7.5 


pie 


PEP 4* 


0 


pi 6 


PEP4- 


0 


P13 


PEP4" 


3.3 


P8 


PEP4* 


3.3 


P5 


PEP4- 


5.0 


p2 


PEP4" 


6.6 


Pi 


PEP4" 


6.0 



^lLLi«ft^^4mA*««iltftf:J;5l84*h^PEM 
JP. h y x ( pas tor I s ) Hwyof ^t-tfATvt^tjl^nfc 

XftWl J I P. ^xh'jx (pas tor 1 a) OPE P4t*g>«tt 

A. 

*9*-f> DR4 0 lCPEP4ieT^ S. a c l/ Eco R I Vr^TtkG 
S 1 I 5 4 J: 0«43*fcP, '<x Y »J x ( p a a t o r 1 
±) OPEP4l», p 1 3l4^-J*n-/u^ v ^JtJBia, mr'J-fca-*ft* 



J*£¥fc-50G117 (11) 

1000m) Oa%'htt«Jtt (2 lml 8 5X'J>», 0. 9m^^»> 
^•2H»0, 14. 3 ffWfcft'J^i.. 11. 7 gM-*r*>*A*.fctf3. 
2 s*»4t* 'J OiO fejtf 2K* 1 ') -b o-rf,**ti*2 'J , I* ^(OjtRttt^- 
4ml©PTM,ll»»* [6 5//«t*«» 5H, 
O. 0. 8g/i 3*4t*MJ*A. 3g/iSUiT>tf>.H,ci. Q. 2g 
/<*^f>»th>J9L.2H,0, 0. 02g/***at, 0. 5g/l 
2 0g/iiHtI«, 6S*/iiUM»-tt-H t O, 0. 2 a 
//t'tf>fc-W5mJ«») tftllffrcftftiu iNH 4 OHT P H«5i: 
ML*, «*OpHliO. ltt* h/U* r-— J 6 7 3«JH!K**fc5 0 WN 

(YNB) /'J*a-^ ru- r- >M««<kYNB. 2K;Ty*o-;U, 
2M**) ^^W«*n s 2«^'J-tD-/utftt; , J >R«R^YNB (11. 
5g/L, KH.PO,. 2. 66g/L K.HPO,. 0. 6 7ttV9ft*tt 
K. PH5) *3 0 < Cl:n:-aJt5i*H-A: o l-8O0D.„«TH]|iknT^ 
1 0 — 5 Oml **IP»lc««L, ><7fi«l(^HP-^tt 

-fc 0***1*) s 10ml /hTO^'Jto-^Oftft (50«^'J -tro-vw;: 
12ml /LOPTMitJoAfcfeO) *WIttL, 4 Om J O^y *o 
ftn*ri**T«i:r£>n/=« ry-feo-,H*|&©l*Ttt, ^;-A>O^(10 
0%S S -*\Z1 2 m 1 /LOPTM,*)tinAfcfeaD) *W 2 m I / h <3D^« 
M-CIWttL*:., ZmiW * S -*&toXL]**6m I /hlZWnZittz. 
^ - ^ttttM II 12-18 *M 6 ra 1 / b Kit* U D!f:lOmI/h iztffe 
»»*!»*tifllll0m] /hK*i*anfc 0 4 0 0m 1 fiD> 

b. asm 

*-«5»J» »7 tU L-fco **©tt*4l±8 5 00 x gTS »M*it:^llllT7n x*?J:rjC 



liPorapakQ*fi,(Al 1 tech) tffli>i^^D7 *m < - 

«fftoutt^iii<t>i9in>iiotti& L,T***ftfco ^ 

c - 

1 'J » r^»B|*OJP. /<x Mj x ( P a s t o r i s ) p 1 3 <0 P E P4 4» 

-<hK.fc0*.=.*-*ftfc, ^y-^«DB^.,^ffl<o«Op 13*©» 

»OI»W«fttf % HfitOl "J v h^JMM0«<D H I S 4 PEP4 HG+PAQ 
80 4H2 WttH±^*&?**C**m*??-VH±$J. PEP4 
P. t V * (P»storli) tttCSl 15*»Hli»-r*C<>:irJ:0» 
©*«ro*M*<t±it«U*:«a, P. /<XMJx ( paa to r i a ) 
*> PEP_4 t*«B*t*fc*] li PEP4 »g <bE«-r « d 4 * ftfc, 
**WIV ■ 1 'J y r-*«»TifW**l*:P. /^hn (pn t or i 1) g 
PEP4j 0 ypx^6I»Bfittfl^ 

J^' /<; ^ b ^ a ( P*s tori a ) P E P 4 frg^cpgttfr P ><z h 'J X 
<P a a t o r t a 3 or o SBg-fftf ttOKtb** ^ fcfr if o 
5/r»6s PEP 4 «. *P 1 3. fcJP P E P 4 H»<P1 'J ^ h^Hll^^rD 

K, «*?tWH^ (EOF ; *B«f*Bff**3 2 3. 9 6 4 ^lc|B**nT^ 
WftSSTi/alEC F ^tFo»^o 527WM» ^Jlfe*«*AT 

GtilZtitzH?-) tei:C/fiJ**^*>«UB9^ (GRF;EP206783ICE 

C p a s t o r 1 a )* pl3«Jl'Jv h A/J|t|E^*5K7)»H8*ft*<£t *«t>T, 
fe^t/ H 1 S 4 PEP4 JP. ^Xh'J^ ( p >s tor i a )WtC + PAQ8 
0 4H2W|S|«I» , X 1 'J y h^H»i>^<DlBtt*ftittt^nX*Tataitr'f > 

i- f >«6ft<D-«4<il«*a**i» o 7 h / ? 7 ^ - (HPLC) tectum 



ItWttfcir/^p. ^x r ux ( pntorls ) «««»)6^cD«rox*co 
EGF*Ji^CRF^rf-K<D^1ffi:«[ffi$nfci««HPLC»li, Wa t a r 
s600 (Badford. MA) ***** Water ft*f=^4 8 

lLambda Ma x BTatttfttt&S, Wi $ p7 1 0B^-h^y x ^ 
-n^Shimadiu Chrom-Pac«^(Cole Sclen 
tific, Moorepark, CA) P E P 4 P. h'J7 

(P'ttori a ) j*pl3 fc.br /Hj 3 4 P.E P 4 P.. h'Jx (_p_ 
a 8 fc 0 r 4 a > »G + PAO8 0 4H2<0»IPlcJ:4 7'cixttWW0. lM'J 
>K*-r'J*A. PH5. OTlJlOCtHUfc, I 5T-Ti?oiJ , hA^O« 
«CRF|?1«^2 8 5/i 1 o#f?^PXU»to*n4l»nB'f ^t-^-rSft 

h*tVfco 60tOd'J v h^EGFr?»«tW2 4 0 1 05#«rox 

^«fttttt«l«I»j:,Waten jciBondapak C1Sj««*5A 
*Z4 h*tltz« 20-60«W»«B (95HT-bh^h>J^ 

0. lKr'J7^^-omiH) ©2 0^T©««It45EuJ:i3«r^ K«<^A 
**»«**lfc. f*»«A (0. l«h';7^tuM) <J»tii**^K^^« 

r*f»»mBonficttffl*nfc» 

B. ^ 

0. l My sto-h y y ^^Hfftt, pH5. 0, ^<c**nxi^**»cDEG 
FtfcliCRFl?J:c;rD^ili|:fttntl^ECFtfcliGRF©HPLC5) 
IffTH^nfc^D^hr^^titW^SCitCi^jliWOD^yf- K [ PEP 4 
P.- ^3 LI* C p_a 6 t o r i a ) tt<o»»r o x*iii:tf£. h y X 

a 3 t o r i s ) »C+PA08 0 4H2©7o^ipT'<>+ 1 '<-h*n 
fcECFtfcliGRF^©] ««^ffai'#nfc a W^cDjfc W^'^'T'f' KCHP 



liGRF) ©I&I»Wlrrt-cDHPLCft#ri^05?p-7 r X 9 fcf- $r<Ott 

PEP 4 P.. h 'J X ( pntoris ) INST-ox^rf >+■ J L'<- 
^ ***CR Ffc^tf EG FtiW^HPL C#»H::*^< PEP4 »G+ P 
AO 8 0 4H 2<5W^b07o^i|iT'f >+- a -C-i/ • >L/=au 1 0 «*« 
fl)**O2-?(0^f Ka<*«Ta^Tl»*C£tfft*<*nft:. *NHflt=, PJS 
P 4 P.. h V> * ( £_a » t o r \ s ) *<& 7* a X*©- n ^o^-?-*. KO 

MGK#W©L^^ttPJM^**>7'P*4»J:9 fcWL<ft^ (4rtW©-f > + » 

* >*Tfc>6 OXOCRF^HH-Cilff ; 8*M<D-r . > 

»Tt>>90««'MT«flf) e CnS©r-*i*P. ^xhijx ( pas to 
r_t_s ) ©PE^_4 ite^«a*li«cOy nxtQiai^MiSII^^ 9*'> 

HM«V : P, h X (pastorts) URA 3ag^<P*tt 

P '<* MJ X ( p a 3 t o r I 8 ) URA 3 ilfcyt*. *MTaTI*C S H - 2 
8 0<P p y r FjlftgW (tofy>-iJ >ll*/7 > -9 --tf«fife<0**i: 
*tfc-r«) 4-iEt«*«lft^-C7'? X; K (V E p 1 3) < tT*T < P_ 

I c h I a ) T / A f J *-Q|fl!tt * P. /<X MJX ( pa b t o 

Ji-Cif «r * * *|| fft* C S H - 2 8 © 3 d - - * *«* * C £ II J: *) 9 a 

A. P. pas tor i s (P. YEp j 3V; ADNA?^7 

rf^iKYBpl3 [Broach V. G e n e 8_ : 121-133 (19 



K*H>fc. 10«<37*5Xi K©*O10«*<COB»^l7 5>^»J*ttt*||| 
*tffl«Lfc. P. ^^hUYEpl3y/i?'fr9 , J-DNAi:j;4CS 
H-2 8©ie*fc*lc*-,TPB*Lfc*«JB*«Mia© — 3116. 6k b S 
p h I 7?r> > h**<j-9. Ok b-f>lr- h*Ct«r*e 6. 6kb Sp 
h I 75/> > r-***K»*f-<-*fci!>i::pUC 1 9©S p h lBtiLiz*7?v 

cv>mniKtomm**><o7ixt kdna«s p h i ^jr^-cwft**, o. 

6K7#o-*r^±<0*K*M»i::#Lfc« D E a 1 '<-*JRt»T 6. 6 k 
b7?^/ > h^ilU CtO^-^-^^lM NaCJ 4 00^ H:J;r, 
TWtfJU/r. DNAIi7 A /-jW/;PD+/Ui» 4 0 0 *i t i= <fc "ttettl L» 
/-/WwioTfctlR* -tfrfco Rf=^ 6. 6k b7?^j< > h^T^a | J*;^ 
77*-■tfiaas oh i«nt P uc i g^H/:. ;<©tt*«*i&*ffl^-c 

*MMC 1 0 6 lttW^f&KlEt**-*^. TVkT>"J >tttt$K£!M9J&*M 
PB#«TlHt3oi-DNA©»-«frlCJ;^T6. 6kbSphI75y> > h 
«<:«LTX^ 'J-->rut. ^WiEWttT^xi Klip PU 2 0 

7-5*1 KpPU2 0 1*ffli^-cCSH-2 8*»inE1*3*fc, C<*>7-* 

c Kp PU 2 0 li:fei^Y>f- hofrfeJb 

P PU 2 0 1 *«*tt»*(rj:oT«lt$-tf. 4f479/> >htDNAft 
*3>t' A -^yDni. (MapSor t ; 7 -f x :? > -> >*S)fc Ge n a t 

<0*<Y XiWigr*- ->T, 7*57.5 Kp PU 2 0 1 P. '<Ah<Jx 
DNA06. 6 k b-f >«r- KO*lM»*Cai»tt:©itlIB (H6) tmKUfc, 
P PU2 0 1G>6. 6k bO*- h*ir**n«URA 3 *e?*>Z*i:ft« 
r*fc»l = , pPU20 10»«Hm»«ftWJ<Of3 n * 7 'J 3- h*l*Ttfo 
-xy^±T<9i»*U:j:^T»m«*, - hot^a-^|:»U C. t r 
o p i c a 1 is (C. rotT*r'Jx) URA3 Aiifc^JfcWntMUtt 1 > 3k 
b Bgl 1 (7^^^K;J:^tJ|'Mt (PCT^«»WO90/09449 
^ttWOCi) . 2 5«*^Ar i r\ 6xSSC, SxDsnhardtl 



»*l¥6-506117 (1*) 

795 ] S. cerevisiae (S. irUt'^x) (2aU^'J3» 
£E. coll (*»■) (pBR o r 1 ) *>W7j ©ttM©4S«t*ftt/flEWnc 
r-Z^-C^ ^ — - c^a. YEp 1 3<4*M©re«fcfc©*tR6t|^- 

t-Cffit^*fcii>K>Amp 1 (T>t-> 'J iie^t^ S. *L^e^ 

- * LT fflt^yiiiO® L E Uitfc?- Cd-T >£fe*flfe« 
t*#fe 0 P. h 'J x CTa|t*N R R L Y-11430) f J U 
DNA^77-;-lj % Cr « gg*i^Tl^4 J: -J [ Mo 1 . Cell . 
Biol. .5:3376-3385 C1985)] , 75Xi KYEp 13*111 

B < URA3ag?i:Ht4P. ^UhiJxYEpl3y/i.DNA9Y79'J 

£_K_LZ*M**C SH-2 8 CMi I 1 « r, J . H. . Exp e r 1 me 
nts in Molecular Genetics . Cold S p r t n 
9 Harbor Laboratory Press, — a — a — ? W. a — 
*K^V>r/^-'*- (19 72) *#R<DC,»:] }i^ a ^^>-5 < 

•>^U***i-#**. S. *l/k'^xURA 3ificT^mi:fel^ p y r F5* 
«KW*«t«-C#*C«i:ltSHjE*nTt>* [Rose, M. . Grlilfi. 
P . a V Bottlcin, D. , C e n e 2 9 : 113-124 (1984) 
] o *lil»CSH-280py r F XMSH«ffiM-P* « P. h 

•JxURA3»e^jcMLTP. MJ*YEpl3YVADNA*<<7'*'J 

■t*CSH-2 8*ff*«fc»Lfc a 

^■^JflC SH- 2 8 !■«!*•? 5 >^i««(^*j£lMi±i:|i^ a 
K«»WliattC©*»itt±-cJt*L<£*^ys:. 0 5i/^***tt^spi6*tt (p 1 
a t a) ±TJf*-e#*CSH-2 8*?WlefclBia (P. ' <* h 'J X Y / JU 7 Y 
T5 '/-DNAICJt-,-C»Ke») 0/JB»*£HlfflDNA uQNftT 

^ KDNAt«Lt. :n-i<!>75A; K«AHaltt C S H - 2 8 



*L 2 OmM Tri B'HCK pN8. 0. ImM EDTA, 0 . \%V 
(SDS) Rt;i0 0i«g/ml^^DNAtrt<;» 
«*ffl^T, 7^ ^^-*Cco7'o-7*IC2 TtCfct^^-f 7*»J y KKHSL-fco 
7'J •> KiBlftttiC, 7Y^-tl x S SCt l*SD5*ffl^-t\ III; 
fct^T, 1 5~1 0»IHI^i*T, 3[9A»U %C0. 5xSSC 

iO. 5«SDSiffll^ 4 5lCiCfclNT> lifted 1 0dn^T> 

2 a*# Lfc. cn«*otf*j««fn*s^tc »n* u r a 3*e^Ejifcr>mo^ 

* K*flfc*Br*i= Ufr. pPU20 l^#«<bttfl5iiaDOl»->7'^*B , U 

v KlE*7 5r> >hipPU20 lOWB-TyT-tOlfciaili, pPU2 0 
1«^©UR ASiie^^iaeic^-rttl. 3kb Ncol- Sal I 7?y> 

x h 'JXURA3ae^ti5ttllKW***U. ^^irffcttft-r^fcttlcaLftir 

pPU20U E.cp RVt Pit I ticj:-,r«<k**. URA3JtfrVf* 
*t^4. 0kb7f^y>htlliL, ^*pUCl9*i:Sm 1 IiP i 
«ttlc*l^T«eY^-4Ctir io-C, 7^X5 KpPU2 02 (H7) *IB 
JKU^ B p PU 2 0 2^-%nyia. Sac [ , Kp n I RCT E coRl lZX.r>X 
j^t**, 7C« (20 1 ) lwW«**-»r*c itrj^r, 77^i Kp P U 
20 3, p PU2 05RC/P PU206 (H8-10) *fJ/ttL/c, *o-><b 
P. h >J >ir- KDNA75// y HPSf:rJ t l=pPU2 0 2«p 

U C 1 9 # "J 'J ^fl-tCCn^MOS^CMWfttiWT, w© 
7yj*li p P U 2 0 2 r n ^Offtt^lBlO D N A oaftttlftMWfltK L'fc. 
4f«7?X; K*ftCffll*T, *««*CSH- 2 8 *JBK(£» *-*T, 
*»ift#A<£j L r L F*«K||*«|i^*^5 ) i ) .*«JELfco ccDtt«lip P U 2 
03tpPU205*«75 ^^At^i^^ttiT py r F Mt»^*fW^°T 
C «tt U R A3*£Ttit , *< 1 p P U 2 0 6 <i** tti >C t « XS Lfco 
;*i^©Bf«»|R(ip PU20 1I=*S!7* P. h "J XUR A3it&=FO«lH 
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ft)* (mapped) tfc«<t-tt-r* a 

«fett<0 (putative) URA31fimr*P. b »J * Yy> X>D 
NA7-?^y > h<3ir:r? o->*S anger yfsr+iOJttKJ: r> TME 
WftJLfc [Singe r*©Proc. Natl. Acad. Sci. USA 
J7 4.:5463-5467 (1977) *<MHO^t] „ 
0 0b p075 >+>^BEW<k^*«WtW^fSnc4s^xW^T. E«**3 

car, ?o-wtP. ><Ah'ixvRA3a5 : ¥*c>mw±ti*Ti;&mm 

T i y*E?iI£©7 3K«IB]**L. C. hof*<J^flURA3AiURA3 
BiiG^in^»|f$n6T i /*E*1£<OT 1H«B**U Kleuvero 
my c e g Jj_cM_i (^o-f^oitx URASifif^b 

**«V 1 : ^7(OI GF-1»»PEP4^(PEP4-) 
A. ilf&^gai^^ StGF-H81PEP4 gfl^Ufe 

1- P- /^MJA PEP4aS^«X^- P DR4 2lC«afe 
PiafcfePE P48iir^«^PEP 4il£ : F*tD**Ci^J:* % *£PEP4 
«e*05Ml::.fc -,T, tf*r '<x h "jxcoPE P 4 X* (PEP 4") ■* 
<D*£i::mc*ftfc»<D;r?** KpDR 4 2 1 *»flJtOfc«, w^^^^-iiPE 
P4ilfi : f©rtiB*»t** > w«IB#|*p. /<^h'JX<OP£P4tMI 
R»iCSH***fr»:, PEP4tti:fc^tfiy/ACtt*LT, PEP4»fi 

«*^??-pDR4 2 1 f + T<D U R A 3 itfc^fcN 

^"PEP205 (pUC19EH|±. p E P202**»#*tl6-4 5 0 
bpBamHl7*?V> P E P 4 *4flfe«) 1= ? o 

-><t*-trfco ~ttli. p E P 2 QSO Xb a I - Sph 1 ftffi (B3#IH> * 
*C2 k b S p e I - S p h i >(«4 LTp PU2 0 5fr«l.©U 

^^iKpPUZO 5t Spe 1 fc Sph I fcl= JS "CAUt 
«&HJ*0 8 XT#o-*yvUjn? jms-tr*. U R A Site^tftt^ k b 
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BLfc. 7*5x$ KpEP 20 5*XbjLl ± S_pJl I £*r J: -,TflMt« 

D P U 2 0 5 **+m**tz 2 k b U R A 3ife?aW Spe I - Sph 1 ? 

5 > h *Xba I / Sph I m<t p E P 2 0 5 fctt* * , C<0«*fc*ffl 

^^■■«Mci 0 6 i*r>tr>'j >Wtt<c3eKii*aii-fc B T>trv"j > 

W* 3D --*> IjJElH I/S_p_h I««B>**<t3o^^DNA©2. 7k 
b. 0. 4kb. i. 9kb*»7^>>hcfftti: H t«»»TKJ:-,T^? 
«;-->rL,fc, JB«|EJ*{*U p D R 4 2 1 <t«ft^t»n^jElt^DNAm«t 

2 - iCF-l»lURA3 P. '<XV>)AW* (ICF-Ui <P n D R 4 
2 luU^KEft 

P. ^h^OURA3 IGF-IWi*, IGF-U, * P DR42 
1 u:*-j-C»BI£!**-ti"C\ P. /<x h If XCPEP 4. IGF-lSfcMNt* 

5 -7A*o-*Dtvt (5-FOA) l4??->^££«fc«K«£tottG>aHtt 
ttTfcS, w*i«U r a 4 El*|;:j:,Tm<t*n*£*C**tt{tfc**Sfer*. 

ftWtfr, w©fci65-FOA»ttr*i. c filwK LT, Ura*»*fx5- 
F OAtttH L, S-.FOAmillli-ClitmiCi^Titt^, -ttitt. 
5- FOA**^«iJ:T7<0»ttl*»taa«*«iej|cj:^rUr a 

L,Tffl^«C £*<T*4 [WAtf, Bo eke*. Mo I . 
Gen. Genet. 1 9 7 ;3 4 5-3 4 6 (1984) *»*W)C fc] „ 

IGF - 1«SlB*G+ I MB2 0 6S 1<DURA3«#* [wflDfl|*ofilW 
J=(WLri4. cci:tct«ii:fc'^t#ifttti LTMflltS, I 99 0*9fl 

4 Btf3«<D«a^m«in^*E^rFtiiiiwo 7/5 7 a. 7 2 8^*#»<dc 

t) Us ^5>yi/*5«5-FOAft*i»ltt [0. 67H»M*M. 2K»*. 

2KSOU=x-;t % 5-FOA 7 5 0mg/l i^7i//M8mg/l] 



©■*<o- s x i o t «»*bl***t4 r 3 o riwte 

X r 'J^URA3i*tfflllt4:i*<Tt^^. 

b. I GF-U<P3S«I5» 
PDR4 2 1^20tfgf Bg i I I KJ^-CflWta-tK «*X7*or?X 

3. IBKfti^OOttfh 

r a 3D-- (rnt;b-& N P EP 4 *JD--*»fft4»^#ft 

*«feT*tt*r>fc3u^-) tHHL, 7X^./n-^ (ma » t e r p 
I a c e> ir»U *4*K3D--±#Kfcrt*«lv. /<- n ^«tt*ffltx 

-t-M+IMB2Q6Sl iSfti^fc. 

b- i 2 t>\>tmt i o *) Tf hwntTmmistzp. y 

^IGF-l»«PEP4H >(P1t^iGF-HllU^<Oftff 
*• P. ^^MJ7<DIGF-limPEP4^<0i8ii 
*«HVl. A. 2. b. r:jfi^fc,fc^|:)DJ«*n^P. '<*MJ*©1CF 
- 1 »9PEP4il«, M+IMB206S 1 * 'J -trD-^y/< v *J#W16, W 

-/H:^* 1 M v h/i/*p<t J 0 'J 7 f-/HelHC*n>T«MI*tffc« P. h 
•;^<0PEP4 I GF-lft?||i*nncD*:fcI GF- 1 U^**Jt(Kr * t 

i gf- liie^w*** v K543 tr-ts ^ tr-t^n-enftc. p. 

^'^ h UX©21PEP41I», G+IMB204S14i:G+iMB206S 



2 »J ^ h/^KM (BloUfitte, ^ A - y + - >x j. 

>) 900ml (85*V>* 2 lm 1 « 5HAA">'?L2H 

.0 0. 9g4,«»A'j->/. 14. 3gt, 7g 

-^*«Lfc 0 atat*^. P TMiIi Ct r a c e) ««tt (StftlR ~ « • 5 

H t 0 6g/I, a^ft^h'j^i 0. 0flg/l, U7>^>-H,0 
3 f/K < '^f>it h . 2HiO 0. 2»VL **H 0.0 

2«/l.^l<t3^;^^ o. si/uttftu 20g/i.«<ts« 2 

0 g / l x StttXt — ft » H t O 66f/l, Wf> 0. 2g/].atJtt 
5ml) 4 m I tPlWIIliliiA, pH*»NHtOH<CJL,-C5iiJi*L/r» 
pHliO. lWStruktoJ J 673««» (**t-«»^*fcttiCftiA 

«Wttft«ttlt> Xlia***£fc£»am C f • « d) <0»3i!O4J|{fc(: J: 

2«^';*o-yutdt;*ft^k (buffered) YN B«t»T 3 Omfct* 

M«4/r«iin|i4 0-7 Om 1 (ML (growth r 

a g 1 me n) *^<J -ta-/u^?H*6* 1 8-2 4 ■9««ef^^« /»WM 

(5 0«w/vyg-bro-4/ I2ml/L PTM,) *10ml/ 

ftp HAW (fic*3^» pH2. 8XlipH3. 5> "CJi, 2* 'J -tro 
Mlfett^, p H 3 > h □ - 5-OftSjjSlt3tac P H CUB 4l*Ktt{r. 
itt««CttItl/Ti§i«JCp HWl©IftJE^BJc«-C«Tbfc. COfil^p 

flt» (100W>^;-/t y^X PTM, 12ml/l) t2ml/i*C 
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«BMKK«LT«»)(I I Il:^f:j:^;KaLfc. (faro 

1 0 'J v h/HM»?p 
5. 5'J;Wl/Oifc 4 10XI*«(85«^K 42mI/U«» 
AA-^A^H.O 1. 8 B /U«»*y>A 28. 6g/U«*T 
$r*i^A 23. 4g/U *»fh*jy*A 6. 5«/l) 3. 5»J*h;U 

IPLfcttir, PTM,iiH 2 4ml*an*., p H * 2 8 ***4tT 

S t r u k t o t J 6 7 3 <0 5 ?<*«fl>«ipic J: t«» Lfc. 3 

«tt©«^©ai{ti:J:-,rfS«fl>2 OXJa±i;*» L*:. 2K^UtD-^ 
t»»ft«i««*tH (YNB ; KH,PO« 11. 5g/L. K,HP0 4 2, 
8 8g/L,i«M« 6. 7t/L, fH6) <f?-R41H^^ 

5O0-7 0 0ml*(l«U /< y fftttftt 1 8 - 2 4 

C50«w/vru-irQ-^ 12ml/L PTM,)*I00ml 

(100K>?/-;U 12ml/L PTM,) t 2 Om I 

4W> ^^-AWttfti-, / 9 j ~^«»«K*6 Om I /Hie***,, cod 
i«*JC±#T^7 2^M|KWb. 7 2l*fWa^B»*I5]«RL.fc. 
« P E P 4 I C F - 1 ftag&ffig ICF-lgp^^ 

p. k »j 1 c f - 1 #iia«»*<3*»^«±**L4»^< D i 
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CF-KD-- K»Al=i:,T-anr|ft»*n*2*^±OlC 
F-li>=f-717* ^htr*,&& % (nicked) »T** 0 

^HiiCF-i^^rsyit^^^^-^oiaEi^co-; 

GF-l^i:ltft^ (t<0 ^ a W«7ctt*frTT> SDS-tfy T * 
'J^Ti Kr****ft (SDS-PAGE) KJ^-CW*] i:|«, T ttM| 
*tferfc*©T?. cn€,©«<iJ»*7£tt*ft:Tr<0i»«HPLC<:j:,T. 

TODS DS^ PAG ElCJ^T^WrSC^-C**. ^rW^IGF- 
ft. 

IGF - 1 fem\y<j[,(m*m 
•BWtftitt^^oxjcfcl^fi^.yjr KIGF-iiKiEO Ciuthent 
ic) JE»lc»r>j«*ftA:, *yv-OD) I G F - 1 

IBHPLCK-t^TWIELfc. «l^;HPLC*li, C 1 8 » 3 AiDftto *> tc V 
ydec C4*5A (0, 4 6x5cm) ffflt^Pj^ii, H»«iVTit-i 
fc*£R b^^fc. 1 K/a*J E C9 2 5-4 2«Htm** 9 AC 1 m I 

0 5©*«*&7M,;iy-,i, CAUFS) ic*-, h **i**©fc«,i: 2 1 5 
t*HPLC<CJ:^TaijWr4/xi6<r N 7vx t>^HPLCA9M:» 

r> ^^t^riciW^,^ :tiu,coy^to. 25m 1 

a * 6hfc - -®»fll**»?H0. 2MWttfCJ:^Ttt^L, 0CKO. 02MBH 
it 2ml ttuffly o x Cl m I) 

5Ai:Mu;o*7/.to. 02Mfltlt lmlUi^Tft/H,/:, IGF 



-1*0. 02M ft»*HJ*A, pH5 . 5 ^-^ 1M NaCliD2 

tr*T-«*i GF-i©u-;^o3««c?3fc ttj r % «tfl:«(7)*qii CF-1 
CAmgeru >) 7 + ju^rm. tHPLC»5 Aic^AU *o 

^ ^^AO^tr-^T^EW^aW^Lfc,, BitHPLCA^iriiWUfc 

PLC?D7h ^ tf -^owt 1 g f - 1 mxizmmr *tt«nzm^ 
**m***mm&n***tiustz. *tfj»*o. os aufs&2i 5nm«o 
ttftic* y h 1^**1:. fBNfftkiu 5ii: tt A Lfciop-i irour 3 5 

* C<t*omT*^fco -0«W««t**UT, -^^A^/rlGF-m© 

G F - 1 ^ *<A o I C F - 1 tft«»»c!)«|:teff LTSBf «. 
1 y -y M^ggjPjtl 
»PEP4 IGFMMM«l«j,^pH(pH2. 8)*Wli~ 
MLX, PEP A IGF-1»MI»«1 U „ hyb«pH«» (-160-1 
90TT, ff /L) .tfJt^Jtcote^/T- C*I ^y^K) IGF-1 

<-200-250m«/l) **BjEUfc. S^ic, KPE P4I«07d^ 
®* 2ICF - ^tt^^PEP4«ft©r 0 xirfcitfiRfr i6 ( 6 5w) jt * 
(77») . L^L, ttPEP4aH*tPEP4BMEtco*y^ 
- ICF-i*^i>-c^^<r^§^Bflenc9^ :n^l^ P HS. 0 
*»l=JBt-TttWinfc. PEP4 1 GF-i*9!!S* s G + 1MB2 0 4 S 
l4tG+IMD20BSltClU*^ P HS. 0K»lS*t«rM IGF- 

iii*«rji^f*tfj*n^A^-,fc 0 ccow»ia. p e p 4 atto RBI: *H<ra± 



,:SLt ' ttPEP4 ICF-l»»i*M+IMB206Sl©l -j, hAp 
PH5. 0»»l*ii>tt< tt200 mg ©t/T-[GFM/It4b, ^ 
toBOKHKiEl GF-m,fc, It^T. «PEP4 IGF-1R«|« 
KPEP4 IGF~l*a«<»cit^TpH5. 0lC45^*KiE[ GF-lO 
ftttKMUTftScaAeft, P H2. 8ir*f^*AiE I GF-Hi^cMl 

P. /^hVXOKPEP4 IGF-lMMoio.;, P 
EP4 IGFMMi»O10i; 7 h*»ft M70mf/I)«^ 
lOtt*y7-Ifl F -l C-200tt,»,/|) *^Ufc fl 

ttP E P 4 P E P 4 10'Jr hWc«i t Tli«nfi||« / 

I G F - 1 Otf ji£ BFPEP4 B*M+ IMB206S1O10 

U " ^*»^*«*^-IGF-l(07 5X (164mg/l) 
*iE IGF-1t»,^, PEP4i«iC + IMB2 0 4Sl 4Q10'Jrh 
/U»»lcfcJt*»*y^-iGF-l««5 0« (88mg/|) flD**<HJE I 
GF-lT*,t. 

* SK, ttP E P 4 ■f*09KM(c^f^«»jaff4H2P E P 4 Bft^fcBtK* 17 
*«ttiK*4:*) t-3 0«ft^,fcOT, It IE I CF-l^ffM^^Q^ 
PE P 4»*coftB*ir*r^x^*^«<t*nfc 0 tt P E P 4 »«KD*»i=*f 4 

«».it^T) . c tinm pep 4 m*oam* 1 c f - 1 <om u^/ko 
B«**r* cpEP4««©»it^^a« lsn4 » asi GF-iairit^T) „ 
±Eit«ii, ttPE P4 i g f- 1 xmmn&miE i gf- i©«gtir«L 

T, PEP4 ICF-lRaWttirit^T, *««l=M**l* C fc**ffT 
*, 

B - it£^«mirJ: a t GF - lJfegPEP4-»ttffl»* 
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1. P- h ^itfi^Mi^ ^- D DR6Qlj;t)DRfiQ2<0^ 

^^"PDRBO UpDR602i*, *P6P E P 4«Gs? K J;**Htt 
PEP 4ite^<0««l»Zj:<5«3.PEP4afe^W»ttUCJ:*PEP4i«:» CP 
EP4 ) «!*<0ftfltK:WlNfc o J -liTle<DJt-5l=*XHT^j£ Lfc 

pUC19eWiv P EP2 0 2**4>*Q->ftP. '<x h U E P4i| 
fc^tfr*!**?^** K p E P 3 0 1 (HU*RU t Nco l <U-,TWIflU 
ftirDNA-fcx^-^cj^Tit**-*, EURO. 
ft*K*W*-tf*io -©«(fc<kMtttt-~0. 5kb Mco l75y>> 

*n* pep 4ite?«)p«i«»»*^*ers,kHfi^ofc. iiiiac dna*bj 

M Illi:-,T^<k4#. K*a««ftU. CODNA*ffllN 

t, ^m«Mc i 0 6 i**2*<E**tf«, r>e>y ^s^-t^ 

U-C. 30--DNA©*fBB»**<t«»<D#tfKJ:.,T, 0. 5kb Nco 1 
7 5y/yf<5ff&:MLTA^J-i>/U c -0. 5kb Nco 17? 
r> > h*W*^t^»PEP4ite : f*ftt;iEWtt7'-9X i KUPDL32 1 
£«tttt*z. *2r*X4 K, pUC19XXIi, Sm a I £H_i_n c I I iic 
^TpUC 1 9tM»*^ B am H I £ Xba I 8Btt*£fcif? 

') »J >»-«B#*JW**Jlc wi^A^TieidlUA:, 7" -5 AS Kp 

UC 1 9XX» Sa c I £ E c o R I £ ic J: ^ rttir U ~10ng*pDL3 
2 IP S a c I/ Eco RI 2. 2 k b7^7> >KD-S0n giftftSt 
fc % c»75y>>Miy/l/«Miti, DE8 1^-^-*= J:, r»«*nfcb 
O-CA*, 7?x*^t, MC106 l*tt*K?)t£ft**. BLe 

XE I I/X_b_a_I «<t3a^-DNA«D^Wi:J:o-CT>fcfi/M ^WftaD^ 

fti:pDL3 2 2tXbj_Ii:J;,T«liL, 10ng*EWS' -CTAC 
CGCCCC-3' V u-*-* K f J >rt- 1 0 n g <fc«&3-tr*i, CO 

,J >»-l* Xb _■ I (Stt*-ttft£nfc<t*icx_b_a I ttHON 



*!RLfc#«IE»**i5>Ho f f ma n fcW I n s t on^i [ Gene . 
5 7 : 267-272 C198 7)] *BK»T, yyiDNAM»U ( fttf 

Wi^or; adna*b_sjle i n;-fc->-taMt**fc. coMiiipDRe 

0 1 Xtt p D R 6 0 2<»7 "9 r> > K&«i&*«***t.*P E PJ»tO— «««« 

A(&»tttttfi&*|::*«*)T**o ?PKt*nyrDNAl=3tbX0, 8KTtfcf- 
xy;VJi-CWSll*»**!gU, i|-3t^o-Z7^^-i:;ODNA*7'D7 
h Ltz a :©7^?-tP. h M* P EP 4iI£ : F<D— «**trpEP3 
0 1fl>ttW«*lL/:l, 4Kb Xb a l/ E c o RV7?yy > H:J:-,T> 
*<P:*tt*ffl^T\ >^r»J r HBJfcUfc (M mil tig, T. , Frit 
sch, E. F. RtfS ambrook, J . Mo I ecu Ur Clonl 
n g , A_ Laboratory Manual 385-388 H, Col dS 
pflnj Harbor prest, #SI— * - S - 3— A*KX^'J 

>jr^-^<- (1 9 8 2) ] e "-if) y K«»X<*5 0«+/VAT 5 h\ 6 X S 
SC> SXDenhard t »*, 2 OmM Tris HCI, pHfl. 0> 
lmM EDTA, 0. 1 H S D S fttf 1 0 0 g/m I fttt^DNAti 
t'«i"fT3 71Ct=*l*T*lil,fc, *l=7.f /V*-* 1 x S S C. 0. 1HS 

Ds*r3a cia©«#i=^* i o#m) > fcico. sxssc, o. i*s 

DS*T6 5TCK#^T miRKWLfc. JtWfflttJRt Utll, P. '<AJ-y* 
«1*C S 1 1 5, P E P4Hdt, *>t>©Y > AD MA t C ©^ff |cft*A: e 

C S 1 1 S^^y^DNAQ B a t I nr**rt|<fcli4. 4kb7?X> 
> cn(i7'o--r*'lift* ti«5 PE P 4iie^-©— «<i^^7*U y K 

fbUfc, :m:5LT, C<rjya-rii^^< t fc--7G>]RK*r»<*, IGFU 
26 0 1- 5iIGFU260 2-5ii0>^ODNAfl!)6. 9 k b7 5 7V > h 
(C^-fT^i * KlfeflSUfco *t!«PEP«l=tt^T*«i>*^X«0ffj|nE*#PE 
P4ffi(6. 9*f4. 4 k b) 14. U R A 3 itt£«WT6# 
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-tf-fc. 7>5>«J >Wtt3o--*N_o_t_I jfl^3D^-DNA05J»rCjt^-c 
X?V-->rLfc. jEHttT^xS K*pDL3 2 3£«ttl*fc. 

^*-pDR80 UpDR602it»«t«fc*!>i:, fcT*7URA3* 
£**TlE©.fc<5irpDL3 2 3*ir#ACAi 0 7 4 5^;KpPU2 05 (B9 
*«) *P_vjj I I ijU^I K*r,xm<t±1t. 1^2. Skb Pvu I 175 
>h±OURA3itte^t»«|*ttfc. C»«|t«0*O. STJVcr-xyjV 
±r^«*tirfc. -2. 5 kb75/> > h«DE8 l^-'<-€ffl^r^^ 
£*»*-tt\ *tiJL N WttLfc, 7*77* KpDL323* Ec o R VtCfcSCT 
■fC^^-CBWttftCfc. co«*tt<tr5x5 K C-lOng) *pDU2 0 
5noURA3tfPvu! I y ? >r/ > h £«f6*-*T s »A*4i*URA3 
jte^OE^irttflPL-c, pDR6 0 1 £pDR602tt»HS^ (*#i*ns 
Bll4tl5*#JR01fc) 0 

2- pDR6QUpDR6Q2j: (:j;41 CF-UPreglEtt 
URA3 ICF«1«9IP. /^hyx|j»ICF-U (3W«Vr. A. 
2. a*#|RcDC<t) tpDR6 0 1ipDR602i^^»*$h/;DNA«Q 

P EP 4*G?©~»*3- K^*DNA<CJt or7 5^^*n*URA3itffi 
?t#*Ufc e -07*ry >K«*«(<tPEP4ilG^i : <I>»|BIttUC075 

rOP EP4*lc*,^*«ii**««U, i{E7I»^> 
«irM^fl^fh07^/> > hOSffi^fiii^fc, 7?$ry 
n« U R A 3 ilte* ©*«E©fc*!>K BR*«W»V61f|«^ bfc. C co^VKft 

pDR601tpDR60 2g3W7>^ No t I £ B 3 t E I ! £<Ct-,Tf»<b 
^4liCioT, fi«l7PEP4ilfe^-«t3 - K-<-6DNA<CJ:-,t 
7^>>> Sn*UR ASiiK^^^lsJlSattttDNA?^^^ > h (-4. 0k 
bAS) t»/r. ^<t*ixfcDNA <20^g) *ffilsT. A 7 * a * 
f-7Ttt<:J:oraH* I GF^Ut-JKItlEttjiJ-tf-fc, Wfe«IIBJtT««U, YEP 

fcas**fc - / <~ u y 7f m. ir j: ^, -c a * * ^- ^ y ssicm lt a 



•ItttP E P 4 ae* IZ J;*«iP E P 4ifi? Clit-SLfc. 

g|»ICFU2 60 1-5iI G FU 2 6 0 2-5 £&m 
fi?l«IU«f±IM I C F - UO P E P 4«ft ; FO«Jli: J: , t£r*«o 
P E P 4 4 t »» * n/r fl 

I I : fc POPOUT" Kjr jr^»ffi l , / 5 p E p 4bf ^ 7i , <tg3 ^ 
J - P> HV^ilfe?iria<»»-pDL5 2 1C0«ife 

•pop - in/pop-out" 7yttKJ:4*£P E P 4 J: 
*P. '^hnoPEP4^ (PEP 4) ***>»£k: n <^-pDL 
5 2 1*fli^. CO^tt-Cli. 'h***#OfcttPEP4»£***3LPEP 
4*1:*^.. PEP4flt*>e,««t4PEP4iie^*»*-r4 (f'x^^, po 
p-ln/pop-out) „ 

pDL5 2 1li2iar*ttUfc. tffil:, pDL32 3©2. 2k b Ec 
.° R J /ill I > h £, p PU2 0 502. 2kb Sac l/Ps 

J_l75^>>hi: > PUC1902. 7kb Eco Ri/ Pa t 17?ry 
> K<tt=^Tf»itt^ (three -way ligation) i:J:-jt«A$ 
•tt-T, e|i(in»7'5Xi h\ p DL 5 0 l*»flRUfc« C ti £«D 3 7 5 r> > Mi 
UT»fc. P. /Uh>;xURA31fi ; ft4t;pPU2 0 5 (H9> 
*P_2_LJ iS_a_c I £i=-t -»-c«<t*^fc. URA3*G^**ti*2. 2kb 

P't '- sac t 7?r> > K*r;m»*u> des i^-^-*ffli>x« 

Mbfca *£PEP4«S?*iK#£r4 0. 5kb Nco(79^>|.* 
*l^»PEP41fi : r*9f7*57; KpDL3 2 3 (J» 1 3»«C!)Ci:) 
* E co R I fc Sac l £<c-toX?H<ta*fc. %MP E P41£^tt;2. 
2 k b7 7r> > h*r,4/«** > DES I ^-^-4rffit>T«ML/;. pU 
C 19t Ec o R I t ? a t I £<r J; -» TffMfc £-trjfc e 377ry>^ (pUC 
19Q Eco RI/ pg t I -7Hfb7^ry > h 0. 02*gs pPU205 
ff>2. 2k b Pat 1/ Sac l 79/y > h 0. Q2a^ pDL323 
<o2. 2kb Eco Rl/ Sac I7?y>>l- 0. 0 2 w g) OH75riSitt 
&-Ctt£ CO«^i x ? Atfflt>X, ^llftMC 1 0 6 1 

7>tf/'j>Htt3o--t Nc o I m(t3a--DNA©Jr«TJ:J:-> 
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fclcpDLSO ItSac I ICfc TfAft**, ? > T^rt y 7 T 
lc-fc-*TMU 0. 02tfj*Si_cljH^pBP202fr6#|»$nfcl, 
9kb S ac I75^>hn 0 2 </ g *K D E fl 1 

PEP47 7> + >rKFiI*fia^r. P. '<* K y XWi I GF-U*>©JH6*i 
^OrtBftP E P 4ilfe^ic J:*ttg|^©A:*i<r $ *K**<D*|S!E**|lfiEL 

^•>';>i<tt?p^^DNAt Bg I I I jr Sp e I ± «t ^ xm* * 
P EP2 0 2<^<QWttJ S a c I 7^5^> ^ r<&ff£*j*-f #«ff>fc 0. 8kb 
7 5^>>h©*£<rHi,-cx*y-^rLfc. iEWtt^JU K*pDLS 
2 1 <fc€ttl7fc (HI 6#JGO o 
2 CS4-2QPDL52 HcfcSJMMSHI 

p o p - o u t txi: J:*p e Pi*(0Rti:«i i lt, P. h 'J 

tttt CO. 6 7«»«I*ltI x 2K**, 2«3^^3-x s 7 5 0 ng 5- 
FOA/JRtf48mg ^ -5 is A// I ) ICtel 7 *M&g (gene r a J) H 
ISA P. ^^h'^W«»GS115O10'lHlS^it8|l»«irJ:^TU 
RASflmtS^fe***:,, 3 OTCKtel** liiWO-f >«|- % ¥ 

«±Tlt« Lfc3 0--*JiHLfc, COH i s -Ur a «**G S 4 - 2 <b£ 

b. GS 4 - 2^»6» < bPE P 4BB*<Oftjfe 
7*XS KpDL5 2 l*NLo_Lll^J;*i*l<kliJ:^T6ltttt/tLfc 0 PEP 

No_i I «I<i*E«r4 B N 0 t I 7^r> > KOjajJjlitGS 4 -2a>rtHtfcP 
E P4i§eTCE^jc«m-p*'K ;c: tiiPE P 4 airfcitireisjttisft* 

H t s Ur aBif*GS4-24:s ^7 *d^X h^i4i:tt,t. No t f 



PEP4*a7ettMMai. 2kb Xbt T/ Ec o RV75yx > H; 

v KJBfcLfc. COJ;-5fw tT»WL/te 1 4 *»B#<D4nJD 7 *M 
#**©DNAla*£PE P4*£*K»fc*-*~0. 5 kbOEW**^fc& 
« P E P 4 & P E P 4 < 4-at * ' W ^'J y Kft^D7 4 * 

:h6<0ifliO4>flJ2«^GS 4-2 5 2 l-3/7iGS4-25 
2 l-4/lT*-,fc, 

X«WV 1 J I : P, h g XOPR B- ljg£Tg)-go^o-j.>y 

T'ot-rt-tfBafi?, PRB-ll*S. * ^h':*-L izfcl* gflkB-try >x 
> K^b*t— = - Kt4 [Mq e b I e#. Mo I , Cell B i o . 
1:4390-4399(1987)]. y > 9 — tfg 

«E£ (PGR) itfi?*f«*«fe*flH>TP. h 'J X*>*?o->fbLfc 
[«4lf, Gouldl, Proc. Natl. Acad. Sci. U 5 A 8 6 
! 1934-1938 (198 9) t»*o:t] - Mttlcfltfteftft* ^cr 
B;* >-'<?M«DW**tJ- Kt«PRB- ia£?EPj't0faE]ffc£ 

K(Mo<hi««, ±i23t»> tp. 

PRB-1 DNA® PCRJt«ir^9 LTfflts*f-4!>fc^Ufc» " 

1 : 

5'- GATAGAATTCTGCAG OCT AAT CCT CAT GCT ACT CAT TCT CO 3 ■ 

cccccccc 

A 

+ V 2 : 

GA A A A 

5 CATCGCATCC AAT CCT CCA ACA TCT CCA CAT CCC AT-3 « 
C G C C C C CTG 

^> ur—tfu.ji8!ifir*fc*/t^ f a- »j =r* ? u** k 2-eii s p h i fflte, 

* V =T7 ? Utt K 1 TU P s t [ <b E c o R I 4>m«tt. 
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IZJ:47ft{tir^,Ta»tt<tUfcDDL 5 2 1 2 0 *c g J: T»«IEtt«« 

Lfc(**J«Vt. B. 3lCi£-csj:-5t-) y,/ ADNAtSaJ.1 i:l,ttt 

**b-X7 4 W-b»u P£P4M7«ltlfMff«l. 2Kb Eco 
RV/Xb_a 17^^>M:J:^XW^ rMDNAOf if >7"d, h/x 
^^Kft^->lc«^a, PEF4ttl=fcii*tifcpDL5 2l*WT 
*J;-5i:*A*2flll*, GS4-25 2 1-3 iGS4-252 l-4it^ 
U«lR-r*/:*blC«A/ft:„ C*ii&<D»*liURA3^-^-it£^**WL, C 

w-*-m&*vPrmza*m<o. K^aPEPite?*wL. tt^oaictt 

i«:»PEP4iie? CEytjo-o. 5kb«x<) :^pe P 
4 m* p e p 4 ae?© 2 3 tr *vim<z l, p e pas?<D-^ 

tVRA3itf£=Fi:<»Wtn>t:£.rz <+tit>*^ pop-out), 

PEP4iie^o^rn^-^t,c©i§»^<K> M ^ )H ^^ (b€ ev 

i c t ed) CcWi, 2«PEP4ite^WcDtt|||^ir**>d:-7^ s 
ft: ic, ■*GS4~2 5 2 1-34GS4-25 
21-4c*5-FOAt*tYPDJ|*J;Tl«l 0 fft***frc»ft L,fc # 
Ur a-««^**i 5 -FOA<OffaT-C*tJiU B£-,T. C CD Js -5 «««TO 

1 i *T* P E P 4 «I5^<75 2 =r lf-n|04Kij|4.fr J; , x»^+* ^ 5 
>^»*BT*-»tea U r a "3ctx-|i 3 OTCfctftf* 1 HMO«Kttic 5 - 
F O A**¥WL±izmnil,ti : cn^O^n^-o^flj I 0 3o--HCS 4 - 

2 5 2 1 -3ir$mmStitzti<DT'*>>)^ c 3 d ^-«*co 1 43 D i~ 
rtCS4-2 5 2 L -4^«i«i»*nfcfe«T?A*. 

U r a •)BII£llHt3D--o 1 4 3D--*»BU S^^y^DNA 
t«*U IcoR I cEcoRVti:J:,X*fh**. 0. 8HTffa-XY 



PCRRK^JfiliT. E. (lOmM Trla HC[ s lmM EDTA) 
2*I**P. ^rU(NRRL Y-1 1 4 30*) r^DNA 
100n g t,*^^u* fK 1 lOwli, t'jJ?^tfK 2 
10m lc. dCTP, dCTP. dATPiCFdTTPOL 2SmMj»K 
1 8 u 1 1 Oxiffft (5 OOrnM KC1, lOOnM Trls-HC 
Is pH8. 3, 15 mM MgCl,) lOtfli, 0. 1 «-tf^f-^t x *. 
70#Ii, 5*iar/tfl Ta g DNA*'jy »— tf 0. Sudt^^i 
feOT*^fc„ *tttr9 4n=fcl*T2#MttrnLl,fc. 3 HSKtten&PCR 

*»ffjcf±9 6x:^*j^*2^moatt ( i:, 5 0"cii*?f7*i^m<Dr--.j > 

ft. 7 2-CCfc^5 3. 5^IW0«A*^t 1 -t0-C*,^ 0 

wO P C R©ifeHl*]f*T*ro -Xy^om«*»IC* t'jtf^l/tf 
K 142 KtttET iffldflB® P R B - 1 ilfe^OTlt*l*a«5ic^a * ni tr < 
X (-5 0 0 bp) ©7?//>h*DE8 1 ±-cmm**. Eco 1 

bp75^>vhtDE8 l^-^'-irJi^TJiKWd*, pUCH long 
fc. copUCi 9<i*y y >ft-c£-c E c o I <b S p h 1 i<cjt^ 

mc 1 0 6 i»ta*»iticjjit-«-fc Q T>tr>y >wit«»i5jH£»(**>^o«Hi 

a»*»<t^-5X5 FDNA*JEW^5 0 0bp Eco I- Sph I75^y> 
hOffS<CIWLT«-»fLfc, l3az-<DAi<pPRBPPi«f4»^^ : , j£ 
Bttr '^ ; K*^^Lfc„ :®7-5^c K0^*rff^QH«itB«B17i: 

DPRBPPl^t*i4P, h 'jXPRB-llE^^-H«^ 
E*J*S anger ^^ + <>7Jffi*ffl^T»^* * (Sanger*, 
«) s Eyj##5i:i!tt-, P. '^h^PRB-liHafOCOKfilliS. -b 
Ut^xPR B - 1 ilG^^E^'JCJ? tr*C 7 4 WCfBfSJfefctWf <5» 
I X : P. ^UM/xgpRB-lMBur)^ 

P. '<* hy XCPRB-laiflE^J||tfe^fflc^4^>!>^C, 7^7X» K p D R 9 
ll*ififl£Ufi 0 CO^?^-liP. h »i X6DP RB - IfflttOrtSBaBtt* 
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y^AlcPRB - 1 BKttl'TMi&ii ft H PRB-1 ac^o 2«©:*Xafc* 
«tett=ie-*«BRr«, *<**-pDR9 1 lliP. h y XOURA31 

A. p D R 9 1 1 co^ at 

p PRBPP + OP. ,<x h ^OPRB-H£T7?y/>hj P3 t I 

«bs_p_h i p PRBpp*>iwamftKx^xmm**tz 0 za>K&m& 

-<-><-!;: At TIM, Ufc. 

COO. 5 k b^^iTjc > KPPU203K, P. /< 

XMixURA3«pUC^-^7^; K.cJS6*-ttfc (H8#H) . * 
5* i Kp PU 2 0 3*S_p_h I irPjM.1 SWHfc J^TMIfcit L, - 
10ngt^7DNA77^>h-100ngitt*4it/: e 
««-ffli'T*»i«iMC 1 0 6 1 *T>*i/y vWttc^Wfein*^. r>tr 
> >* ^ 75^>h i:Mt«Pj_t_l / Sph I flft 

n--DNA<0##f|-J:.,T** U -->^t^o jEKtt79XS K* p D R 9 
1 1 £€ftl** (HI 8*«D ■ 

B. GB4~2<PpDR91 SBKIfcft 

P. '<XM;*©PRB-l***»ij*T*fcrti::, B g I I ItZ^tMftK 
l-»TIttttft*ftfcpDR9 1 1 iZ**mmX7 * d^9* ^Bflrttl^. 

Ato+v>7a h^-fyy Kffcl*. PRB - l««o«*<c Jt ^r»j«*n4 
PRB-1 motttS«BTttl= Lfc. JB«lc«l{*0^a^ < t— *B«tt»* 
[Wit*. Jones «<5G « n e t i c s 1 0 2 : 6 65-87 7 C198 
2) *#IR<OC£] I*. bVttO^a-yW T--tfBX**-* £tc*fiEr*o 

C. P, > { ^h'J^prb-l. Pep4a»*cpy6£ 

C S4 - 25 2 i - 4<0*«*T**P. ^7 h UC S4 - 2 5 2 1 - 4 - 
5©p e p 4, u r a 3. his 4 ■*© P R B - 1 it£* <XtMIV I I #JR) 



Bg 1 I I »ci*fllifi^J;r,ra[«l*t{t*nfe'<i5'^-pDR9 1 HcJt* 
»«liUl4iJ;-,T««L^ 0 U r »*»*«ffl*rH-r«»|IGA*«lRLTs * 

y*jr,1-*7E#KlEi*<**MG 1 8 ifitttffc, ICF-l 
0«9l©fc»Wfll±t Ltfll^fc. I GF-1 »m»*C + I OF 8 1 6 S 1 

T*f*»tfr * i KBrtT*fk £«UE #f? toft * d <fc ISSM * ft* *> „ 



( i > mnnnm 

(A) E«<75ft* : 2 0 3 
( B } ENOS : (*■ 

(o mom ■. 

c») enoin : c DNA 
ca) M*are« : cds 

( B) WfffitB : 2 36. . 1 4 6 8 

(ix) mm 

( A > ff»*«f : K 

(B) : 2 3 6. . 1 4 6 S 
(tJ> JEW: Cnt«l : 

OMTTWTX* TCCTCAOATT AOCrfcATCOT CCOOAATAOO AATACTBOTT TCCOOCOATT 
AATCCCACCT CCCTTATATO cTMCTXtTt TGACCCATAA OCTOOCAACT ATTTAOAACA 
AACCAAOCCA CCTTTCTTTA TCTOTAACTC TOTeOAAOCA ACCATCTTT* C7A«AOAACA 
TCTAAACCAT TTTACATTCT ACACTTCCAT TTCTCAATTA CTCATAATCA ATTTAAM 

I« m! IZ3 f* 6 °? T * OT *™ *** *" °« *« «" "G CTC TCT 

n.t U« Fh. a. p cly Thr Thr h.c tor II. Al. zi. oiy L.u r» u ». r 

• w II 

ACT CT» oct ATT OBT CCT CAA CCC AAA OTT CAT TCT OCT AAO ATA CAC 
Thr t« C ly xi. ciy Alt Cl„ AX. tyB V-1 „1. Al. Ly. XI. «S 

,0 a* jo 

AAC CAT CCA OTC TCA CAA ACT TTA AAA CAO OCC AAT TTT COG CAC TAT 
Ly. Kl. v.i ,„ ci„ Thr L.m Ly. ei. Al. ».* y h . oiy cTn Tyl 

40 4% 

VA J!T IT f" C " " T ^* TAT «TT TCT CTO TTC AAC OAA CAA AAT 
" B t * u Cl « «-y. Tyr V.l ■.. x,. u rh# X4n cln A .„ 

*° " M 

Ifl ^ «T TTT ATC TCI CAC CAA CAT OCT TTT OCO OTT 

AJ. L. u -#r Lyp Irr y h . H.t .«r Oln OU Arp Civ Fh. Al. V.l 

** " 10 



OAA OCT TO» CAT OAT OCT CCA CTT ACA AAC TAT CTT AAC OCT CAO TAT 
01. Al. «, Ulm A . p „. y„ ^ nt hn Tyr L«u A.n Al. Cln TVr 

•» »© II 

TTT AOT OAO OTA TC* TTA OOT ACC CCT CCA CAA TCO TTC AAO OTO ATT 
>A. Th* OIU V.l fc l.« oiy Th* Fro Fro Oil, l.r Fh, Ly. V.l l" 
W0 101 ll0 

Am rftr aT* TTA TCO CTT CCT AOC AAA CAT TOT CCA 

l~* A.p » oiy A.r i.r A.a In Trp v.l Fr. B.r Ly. A.p cy» oiy 

li * no 

TCA TTA OCT TOC TTC TTO CAT CCT AAO TAT QAC CAT CAT OAO TCT TCT 

*" ^ * lB CT * " A * * 1- Ly " *■» « A « »*P «1- l-r »-r 



ACT TAT AAO AAO AAT OOT AOT ABC TTT OAA ATT ACQ TAT OCA TCc OOT 
Thr Tyr Ly. Ly. am Oiy S.r «« r yh. oiu U. A* 9 Tyr Oiy l.r Oiy 
10 "° ih 

TCC A TO OAA «SOC TAT OTT TCT CAO CAT OTO TTO CAA ATT BOO CAT TTO 
A.r Umt Clu Cly Tyr V.l g ac Olfl A.p V.l L«. cln XI. Oiy Aap L*u 
1IB no 171 ' 

ACC ATT CCC AAA OTT OAT TTT OCT OAO OCC ACA TCO CAO CCO OOO TTO 
Thr 11. Pro Ly. V»l A.p Fh. Al. Civ* Al. TA. Par Olu Fr. Oiy L*y 

1M !•• 110 

Tim ^* Z!7 TTT 0AC ATT 170 000 en acT **» bat 

Al. Ph. Al. Ph. Oiy Ly. Ph. Arp Oiy XI. L+n Cly L*« Al. Tyr A.p 
300 201 

TCA ATA TCA OTA AAT AAO ATT CTT CCT CCA ATT TAC AAO OCT TTO CAA 
II. «*r V.l A.n Lyr II. V.l Pre Fro Il« Tyr Ly. Al. L.. Olu 
310 in „ 0 

TTA OAT CTC CTT CAC 6AA CCA AAA TTT CCC TTC TAC TTO COO CAT ACO 
A.p L. U L-u A.p Cl« lia Ly. Fh. Al. FTl. Tyr L.M Oiy A.p Thr 

«. »e ,i» 140 

OAC AAA CAT OAA TCC OAT OOC OOT TTC OCC ACA TTT CCT OCT CTO BAG 
A.p Ly. A.p oiu 0«r A*p Cly Oiy L*u Al. Thr Ph. Oiy cly V*l A.p 

AAA TCT AAO TAT CAA OCA AAO ATC ACC TCC TTC CCT CTC ACA AOA AAO 
Ly. s.r Lyp Tyr clu Cly Ly. 11. Thr Trp L«u Fro V.l Aro Ar. Ly. 

aw j^o 

OCT TAC TOO OAO CTC TCT TTT CAT OCT CTA OCT TTC CCA TCC CAA TAT 
Al. Tyr Trp Olu V.l «. r Fh. A.p Oiy V.l Sly Lm Oiy i.r Olu Tyr 
2'* 310 2|| 

OCT CAA TTG CAA AAA ACT OOT OCA CCC ATC OAC ACT OCA ACC TCA TTO 
Al. aim L.U Gin Ly. Thr Cly Al. Al. «. A .p Thr Oiy Thr for Lou 
■■0 >«• J00 
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ATT 
Ila 
301 


CCT 
All 


TTC 
Lau 


ccc 

?rc 


ACT 


ooc 

Cly 

aio 


CTA 
Lav; 


OCT 

Ala 


OAA 

«1M 


ATT 
III 


CTC 
in 
J 11 


AAT OCA AAA 
Aan Ala cla 


ATT 
Ila 


OCT 

Oly 
330 


Ilia 


EHa*«*2 : 
/ , \ aj9Mtf«ahSa> . 


ecr 

All 


ACC 

t ru- 


AAC 

Lya 


CCT 

«ly 


TOO 

Trp 
121 


TCT 

■•r 


MI 

Cly 


CAA 

cin 


TAC 

Tyr 


oer 

All 
JJO 


VI 1 


OAC TCT SAC 


ACT 
Thr 
331 


AxO 


1341 


(A) EWOfi? : 4 1 OT 5 7 St 

cs) ew«n : t ; /m 


OAC 
Mm 


ler 

aar 


TTO 
Lwi 


CCA 

140 


OAC 
A.p 


TTA 
S-au 


ACT 
Thr 


TTA 


ACC 
Thi 
341 


TTC 

Ph. 


occ 
All 


OCT TAC AAC 
•if Tyr aid 
180 


TTT 
Pha 


ACC 
Thr 


ma 


CD) Mb^~ : I«M 


ATT 
lit 


ACT 

Thr 


CCA 
Pro 
III 


TAT 
Tyr 


CAC 
Aip 


TAT 

Tyr 


ACT 
The 


TTO 
Leu 
ISO 


OAO 
ClU 


CTT 
Val 


TCT 
■•T 


CCC TCA TOT 
Cly lar Cyi 
JSS 


ATT 
III 


ACT 
lar 


1141 




OCT 
All 


TTC 


ACC 
Thr 


CCC 
Pro 


ATO 
Hat 


OAC 
A.p 


TTT 
Pha 


CCT 
Fro 


OAA 
Clu 


CCA 
Pro 


ATA 
lie 


CCT CCT TTO 
Cly fro LIU 


CCA 
Ala 


ATC 
Ila 


13*0 


Mat Ila Pha A.p oly Thr Thr Kit fas 

1 5 



ATT 


CCT 


CAC 


TCO 


TTC 


TTC ABA 


AAA TAT 


TAC TCA 


CTT TAT CAC CTA OOC 


III 


Oly 


Alp 


Sir 


Pha 


Law Arg 


ly. Tyr 


Tyr lar 


Val Tyr A.p Lw Cly 


311 










190 




in 


IDD 


AAA 


CAT 


CCA 


CTA 


CCT 


TTA OCC 


AAO TCT 


ATT TAW 


ICAAOAA TAAAAOTTOC 


Ly. 


A-p 


ah 


Ull 


Cly 


Lao Ala 


Lya car 


Ila 












405 




410 





TCACCTCAAC TTATTTCCTT ACTTATCAcC TACTCAAOKT 

TATTTTTTTT TACT TTT TCT CCTaTAAcTC ATCTTCAOTA 

CTX5ACAOCO OCCCATAACT CATATCCTCT ACT C CTCAAT 

eATAACSCTA ZAACACACCC ACCTOCTCCT CTTTAAAATT 

ATCMCTTCe AACCAAATTC C AC TTT AAA r CTATCCCCTT 

CCTCeTATAT AC TT TTT CAT TTTACCTTTT ACTAATCACT 

TTCTCAAGAT CCAAATAGGA CT AAA TACT 3 OACACCATCC 

©CACTCCCCT ACACTAACCC AAC ACT II TTC CCA TO A TOO A 

TTTTC nCCAA TCTCATTTGA GAACTTATCC CTCOOCACAC 



CTA C KG AAT A T ATC TTT ACC 
CCTCATTCCT TOTCACCTAC 
CAACATTTCC CTGCTCCATT 
CTCTCTTAAC TCTTCTCAAA 
GCTAACTAAA COIATGTCAT 
TTT* C A 0 AAO ACOAACCTCT 
CCTCCTTATT TCCCTCAAAO 
CATGCTICCT C TO C T ITTCC 
CATCCACTAC CTCCAOTCnj 



1*41 

1T28 
1788 
1*48 
1»0« 

;wi 

203* 
1012 



Thr Lau oly H. oi y Ala clu Ala Ly. v.l , im ,. r M . tlm H1 . 

" 25 30 

Lya Ml. *„ v-1 », r OU Thr La* Ly. Clu Ala A.n Pha oly Cin Tyr 

J * « IS 

v.l ».r Ala Lag clu *i. L y. Tyr Val (a. La„ Pha A.n oi„ cir. A.n 

BO ■« to 

Ala Lau t«r Ly. Sar A.n Ph. Mat lar cin oin A.p qi r Pha Ala val 
** 'O It , 0 

clu hi. ■., nlm M- .„ t . u Thf . M(l Tyr L-u Mfl M- 

Bi 80 «. 

The Thr Clu V.l Mc L.u cly The Pro Pro Cin >.. Ph. Ly. V al II. 

1°0 105 jjq 

L*u A.p Thr Cly *ar i-r Aan Leu trp Val Pro Mr Lya A.p Cy* cly 

l " "° llf 

•ar Leu Ala Cy. Pha Lag Ala Ala Ly. Tyr A.p Hi a A-p Olu Aar Mt 

us 140 

Thr Tyr Ly. Ly. A.n Cly Bar Mr Ph. Ola Ila Are Tyr Sly Bar Cly 
l*o IIS l.o 

mmr Nat Clu Cly Tyr v.l Car ei„ A.p v.i Leu ci* n. oly A.p baa 
1" 1TO i7 S 

Thr Ila Fra Lya V»l A-p Pha Ala Clg Ala Thr lar Ola Pro Oly Lam 
1*0 111 i 10 

Ala Pha Ala Pha Cly Lya Pha A.p Cly II. L -« Cly Leg Ai* Tyr Aap 
111 200 so* 



,-r V-1 * #rk Ly- U " V-i »» »*■ ^ Lya Ala Law Clu 

310 211 320 

Lau A.p Lay Lau Aap Cly Pro Lya Pha All Pha Tyr Lau Cly A.p Thr 

Jal HO hi 3A0 

Aap Lyi Aap Olu Sar Aap Oly oly Lau Al4 Thr Pha Oly Sly V.l A.p 

3«» 210 HI 

Lya aar Lya Tyr Clu Oly Lya Ila Thr T*p Lau Pro Val Ar* Are Lri 

1" 288 2TO 



ria Ala Lau Pro lar eiy L.u Ala Olu Ila Lav Aan Ala Clu Ila cly 
j0 * HO aii JJO 

Ala Thr Lya cly Trp aar cly oin Tyr Ala val Aap Cy* Aap Thr Ara 

«S 13(5 ^ 9 111 

A.p Sar Lav Pro Aip Lau Thr Lau Thr Ph. Al. oly ryr Aan Pha Mr 
"O 141 310 

Ila Thr Pro Tyr A.p Tyr Thr L.u Clu V»l i. r oly Sar Cya He mmr 
"9 2*0 318 

Al. Pha Thr Pro Hat Aap Pha Pro Olu Pro XI. oly p re Lau ju. Xla 
J '0 JT| JB0 

Ila oly A.p a.r y h . L.u Ar V Ly. Tyr Tyr Sar v.l Tyr Aap Lau Cly 
3>s «Q 3*i aoo 

Lya A.p Al. val Cly L.ti Ala Ly. Sar Ila 
*os »io 



CA) EW©IJ : 2 6 8 3*1.* 

( a ) ew©B : m 

CO «<Oft : *W 
(D) h*tf D 'J- : *W 
(B) CJIVmm : cDNA 

(A) t«*««-ME*} CDS 

(B) ffffittuf 6 4 3.. 1 431 
ft*) #«: 

( A ) *»*StIE* • k 
<B> ffttttB : 6 4 3. . 1 4 3 1 

CTCCAOAAAT eeeCAOATAA CCACCTTTOA COAATTCACT 
TACAAATOCC A TCA TCT ATA ACCATbAACA CACTCATOTT 
CATOOAAOAA ACTACTAAOA TTATAOAOCT □TTCACAOAA 
AATOAACTTT ATCTACAAAA ATATOOOOTT AACCTCTTAO 
tttcttcttc OAAACOTTCA CCAACTCTCT CACTCTCCTT 
TCTTCATCCA CCCTTCCTCC TTAOAACTCA ACTTOTTACA 



AAAOTTCTAC ACATCATOTT 
TOOAACCTAA OCA TTO AAA T 

ACTCTCCATT AarecraoAc 



OAOCAACTTT 
TCTAAAATCA TTO aca CAST 



CTTCAACCAC TTTCTCCAAC TCTTG TTCTT CTTTACCOl-r 

OTACTTOCTT SOCSTACAOT TAOCACTTCC TCTCTCTCTT 

AA6AAAAAAC TTTTTTCCAC CCTACACCTC OCACCTATCC 

TCACTTAACA TCAACCTCAT CAA AO CCATA CAT A CCT AO A 



U3TTTTT CT6AA8ATTO 



CA ATO CCT CCC ACT 
Mat Ala Ar* lar 



TAT CCC CAC AC A OCA AAT ACT CAT CAA TCA CCT 
Tyr Ala Clu Ax 9 All Am Thr HH Cin lar Pre 



CTU OCA COA CCA CTO 

v.l Ala Ar* Arg Lau 



TTT CCC CTT ATO OAA CAO AAA CAC ACT AAC CTA 
Pha AL. Lau Mat Olu Cin Lya Oin Sar A.n Lau 
JS 30 



Tee oca rcA ere oac 
cy. Ai» sar v.l aap 
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ETC ACA MA ACT AAA CAA TTA ITS CAO CTT CTA OAT AAA TTC BCC CCA 7»0 
Val Arg Th< Thr Lpa Bin Lau Lau olu Lau Lau Aap Lye Lau Bly Pm 
40 41 10 

TTT ATC TGI TVS OCC AAC ACT CAT ATC CAC ATA ATT CAT 6 AC TTC AC* 14* 
Pha 11* Cya Lau Ala Lya Thr Mia Ila Aap XI* Xla Aap Aap Pha T*ir 

ii ao is 

TAT OAT CCA ACT ATT CT9 CCT TTA TTO *AA CTA TCA AAO AAA CAC AAB 144 
Tyr Aap ely The Ua Lau Fro L*-u L«« 01« La* Oar Lya Lya ML* Lya 
70 Ift AO 

TTT TTA ATT TTT CAO OAC ACA AAO TTT OCT OAT ATA WC AAC ACT OTC 443 
rha Laa iia rn* clu Aap axb Lya Pha Ala Aap tla oly A*i» Thr val 

is to •■ lee 

AAC CAT CAA TAT CAA OCA OCT OTC ThC AAO ATT OCA CAA TOO OCA OAT OfO 

Lya Mia cm Tyr Bin eiy cly val Tyr Lya Xla Ala gin Trp Ala Aap 

lOi no ns 

ATX ACA AAT OCT CAT OCT OTC ATT OCT AOT OOA ATT OfA AAO OOT CTA 1090 
I la Thr Aan Ala Mia ely Val Xla> Oly Aar Oly 11a Val Lya Oly Lau 

iao ias iso 

AAC BAO CCA BCC ACT CAC ACA ACA CAT CAA CCA ABC CCA CTA TTO ATC 104* 
Lya Clu All Aia Thr Blu The Thr Aap Oln Pra Arg Oly Lau Lau Mac 
131 140 141 

TTC CCT BAA CTC TCC TCA AA6 CCA TCA ATT OCX CAT OCT AAO TAC ACC 1134 
Lau Ala Clu Lay tar Oar Lya Cly Aar Xla Ala HI. Oly Lya Tyr Thr 
ISO IIS i*o 

BAA CAA ACT OTA BAA ATT OCA AAA TEA OAC AAO CAA TTC OTC ATT OCC 1101 
Cly Clu Thx Val Oly 11a Ala Lya Oar Aap Lya Oly ma Val Xla Oly 
145 170 171 HO 

TTT ATT CCT CAA AAT TCT ATO OOA OOA CAA OAT BAA BOO TTC OAT TOO 1190 
Fha Ila Ala cin Atn Bar Mat Oly Oly Cm Aap Ciu Sly Pha Aap Trp 
144 IBB lff4 

ATT ATT ATC ACA CCA OCT CTT OCT TTC OAT OAC ACT OCT BAT OCT CTA 1270 
2 la 11a Mae Thr Pro Cly Val Oly Lau Aap Aap Thr Cly Aap Ala Lau 

300 ao» aio 

CGC CAA CAA TAT CCA ACA CTC ACT CAA OTA TTT TCC ACT OOC ACT OAC 1334 
Sly Bin Bin Tyr Arg Thr Val Oar Oln Val Ph* lar Thr Bly Tar Aap 
214 220 224 

ATC ATA A7C 6TA OCT CCT CCT TTO TTT BCC AAO OCC AO* SAT CCC TTA 197* 
Ila II* Ua Val Oly Arg Oly Lay Pha Cly Lya Cly AXQ Aap Pro Lau 
2JO 2J» 240 

AAA CAA CCT CAA CCC TAT AO A AAA OCT BOO TOO BAA OCT TAC CAA AAT 1432 
Lya Cla Ciy Cly Arg Tyr Arg Lya Ala Oly Trp Olu Ala Tyr Oln Aaa 

24» 2so a*» a*o 

ATT CTB AOO ? AAA TTA CAA OTA TO TACA6 CCC AT CAA TT OTTTCOOCCO 14T1 

XI* Lay Arg 



ATTCAACTBA ATCCATCTTC AATTTCATCO CTCAATTTTT 0ACCCA6TAT TTCAAACACC 1421 

ACAACCC C CA COCATBTTCO TSOAATOOTA flTTAACOCAT TCCTAAOSAA CCCTTTATAA 1443 

AACCACCOCO TCCAAOATAO YTTACACTTC TCATGTAAOC TCACCAACTB OT90AATOTA 1441 

TCTAACTATO ATCCCTAATA T ABA COC AAT TT A C TTTTCT TATCCCAOSA OTTCTCTTO 1711 

AAAATATCCA ACCCTTCCAA CCTTCCTAAA TOTATTG ACT CAACTTTA6A AAATOOOTAT 1T71 

TBAACGOCTA OTAACOAACA TOCAOCOCTA CCACCACCCA AAAOAATAAA ACTC OICC IC 14 J 1 

A OC AT AT TTT CACTTTTCCT TTTCACTQTC TCACCTTOOO CC L TTC CA AC AAOACTATTT 1441 

TTCATCCTAT CAATTCTCTC CATAC Tc TTC TCCCTTATCC TOTAACCTCT ATTCTTAATO If II 

CCTTCCAATO TTOTOAAATA TATAOCAAAO OAT0T0CTTT CTT T OA CCAB ACTCAAOCAO 2011 

TACCCAOCAA ATACcCCCAC AAAACCACTA CTTTTTAOTT TATCAAOACC O TAAATC CAT 2071 

AAC TTC T CAT TCTTOCCCCC AATAATCtcO GACOCATXAO ATCSOOCATA TATTC CATCA 3191 

ATTCOOCCAO CTACCAATOA CTO COCA OCT CCAOCTAOAA ACCCACCTCB AAATACATCC 3141 

ACTACTCTTO 8ATTTCCTAT CBATCTOCCC TCTTOACCOT CAB TAT ATO A CTOCAAACAP 3241 

OATAAATACB TTOTOTAAAO TACAATTCCC AS CACAO AAT TOCCTACCAA TCCrSOCACC 3311 

ACCTTCTTTO BT AT CAA CTC CCAACCATOC CTTTTOACOO CTCCTAACAA T ACA OCT BO A 3272 

TTTBAOTOOA MAATCOOCTO TAAGOTTTAC CTTTCAAATC ACCTCCAAAO AAOATBCOTA 34 31 

TTCOTOCCAT OTAOTCAAAA OOAOTOOOAC C AAA CAO TTT BBCTOflrOTC CTCAOOTACA 2441 

CT6AACTAAA TTOOACTAC A AC AC CT CTC A TCCCACCTCT CCAACCAOAC ACCACTTOAO 3411 

TBTTTTT6TT OCT AAC ACTA OCCTTTTTAB AAT CATC CTT OTCTTCCATA OCTITCT BOA 2411 

ACACAAT6CC A6ACTTCATA OAOCATCAOA COOCAATTCA CCTCTCSCTA T A TCT A TTT A X471 

3400 



( % ) i»*l<B«« 

(a) enoAt : 26 3Ti;l 

<b) e«©« -rum 

<D) mo?- : Mtt 
<ii) EVU: EWtf 4 : 



Oly Aap Ala Lam Oly Ola Bin Tyr Arg Thr V*l Oar Ola Val Pha Bar 
210 211 220 

ThT Gly Thr Aap Ila II* 11* Val Oly Arg Bly Lau Pha Oly Lya Oly 
23B 330 22> 240 

Arg Asp Fro Lay Lya CLu Oly Olu Arg Tyr Arg Lya Ala sly Trp Ola 
242 2*0 1M 



Mat Ala Arg Bar Tyr Ala Clu Arg Ala Aan Thr Ma Oln Bar Pre Val 

3 1 30 1J 

Al» Arg Arg Lau Pha Ala Lau Mat Olu Oln Lya Oln 4a* Aan l*n Cya 

20 34 2D 

Ala Bar Val Aap Val Arg Thr Thr Lya Clu Lau Lau Civ Lau Lau Aap 

34 40 44 

Lya Lau Oly Pra Pha II* cya L-au Ala Lya Thr Bla Ila Aap 31a Ila 

■0 41 00 

Aap Aap Pha Thr Tyr Aap Cly Thr Ila Lau Pm Lau Lau Bla Law Bar 



44 



70 



71 



Lya Lya Mia Lya Pha Lau 31* Pha oi» Alp Arg Lya ph* Ala Aap Ua 
44 10 41 

Oly Aan Thr Val Lya Mia Oln Tyr Oln Oly Oly Val Tyr Lya Ila Al* 
I DO lOl 110 



Val Lya cly tau Lya olu Ala Ala Thr Olu Thr ir»r Aap Oln Pra Am 
110 191 1*0 

Oly Lau Lau Mat Lau Al* Ola Lau Bar 0*r Lya Oly Bar 11* Al* Ml* 
14S 140 111 lOO 

Cly Lya Tyr Thr Olu Olu Thr Val clu tl* Ala Lya Bar Aap Lya Olu 
1431 XTO 171 

Ph* Val Ila Cly Pha Xla Ala Oln Aan Oar Mat Oly Bly Cin Aap Ola 
100 IBS lto 

Bly Pha Aap Trp xla zla Hat Thr Pro oly Val Cly La« Aap Aap thr 
3ff» 300 304 
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E«#«t5 : 
< I ) EPJOWS ; 

(A) CF|»«* : 5 5 S4M6*f 

(C) lOft : 

CO) hpf<D£?- : 
(3) EnOll : e D N A 

cu> mm : 

(A) w*t*riE* cos 

< B ) #«ffl« : 3 . . 5 S 4 

< a ) mmtmtmn ■. aum^rf- k 

(B> ffttffiR : 3. . 5 S 4 
(H) EFJ : E70##5 t 



CA *-TT CTC CAC CCA AAC CCC CAC OCT ACA CAT TCT CCT OCT ACC ATT 
Xla Lau Olr. Cly Am Cly Hla Cly Thr Hi. Cya Ala cly Thr Ila 



AAC AAS AAA TTT AAO CCC TCT ACC OCT AAC A TO TCA CTO OCT DOT OCT 
Am Lya Lya Pha iy» Cly In Thr Ala abb Mt ft** La* cly Oly Cly 
il 10 7ft 

AAA TCT CCT OCT TTC OAC CTT OCA STS AAT ACT ACT OTT AAA AAT AO* 

tya lit Fro Ala bam Aap Lau Ala Vai Aan Ala Ala Tal Lya Aan cly 
CD II M *l 

ATT CAC TTT OCC 3TT OCA OCA AST HAC BAA AAC CAA CAT OCT TOT AAC 
Xla Hia Pha Ala Val Ala Ala Cly Aan Olu Aan Oln Aap Ala Cya Aan 
lOO 10ft 110 

ACC TCC CCA CCA CCT OCT CAC AAT CCC ATC ACC OTC CCT OCA TCA ACC 
Thr Sat Pro Ala Ala Ala Clu Aan Ala Xla Thr Val Cly Ala Sac Thr 
111 120 iai 

TTA TCA CMC CCT ACA CCT TAC TTT TCT AAC SAC CCT AAA TOT STT OAC 
Lau car Aap Ala Arc Ala Tyr Pha iar Am Tyr Cly Lya Cya Val Aap 
1J0 139 1*0 

ATT TTC CCT CCA CCT TTA AAC ATT CTT TCT ACC TAC ACT CCT TCO CAT 
Xla Pha Ala Pre Cly Lam Aan Xla Lau Jar Thr Tyr Thr Cly Iar Aap 
1*1 ISO IIS 

CAC eCA ACT CCT ACC TTC TCT CCT ACT TCA ATO CCC ACC CCT CAT CTT 
Aap Ala Thr Ala Thr Lau Car Cly Thr Car Kat Ala Sac Pro Mia Val 
ISO lal 1TO 17S 

CCA CCC TTC CAT OCA AOC TTC OCA CTC C 
Ala Cly Lau Mia Ala Sac Lau Ala Lau 
ISO 



CCT TCT CAA AOC TAC CCT CTT CCC AAO AAC CCT AAT CTT CTT CCC ATC 

Ala lac Olu oar Tyr cly v«l Ala Lya Lya Ala Aan val Val Ala iim 
20 3S JC 

A*C CTC TTO ACA TCT AAT CCT TCT OAT TCC ATC TCA CAT CTT CTC AAC 



SOT CTT CAC TUT CCC ACC CAA TCC CAC TTC SAT «CT CTT AAA AAO ACC 

Cly vat Olu Tyr Ala Thr Cln Iar Mia Lau Aap Ala Val Lya Lya Cly 



EW**6 : 
< I ) EflOMi : 

(A) EW>»* : 1 8 47 ;/t 
( B ) EJ>J«ffl :7;/| 
CD) r-n* ai>- ■ MIX 

cm) wme>w*-. 

Cxi) BFJ : E*r«*6 : 

Hi Lau Cln Cly Aan Oly Ala cly Thr Hit eye Ala Cly Thr 11a Ala 
i ft 10 1* 

Iar Olu Mr Tyt Cly Val Ala Lya Lya Ala Aan Val Val Ala 1 1« Lya 
20 21 30 

Val Lau Aro Itr Aan Cly lar Oly Car K*t Mr Aap Val Law Lya Cly 
IS « «» 

val Olu Tyr Ala Tt»r Cln lar ma Lau Arp Ala Val Lya Lya Bly Aan 
ID •» M 

Lya Lya Pha Lya Cly lar The Ala Aan Kat lar Lau Oly Cly Cly Lya 

«$ 70 1» *° 

aar pro Ala Lav Aap Lau Ala Val Aaa Ala Ala Val Lya Aan Oly XJa 
■ft «0 

tut Pha Ala val Ala Ala Oly Aan Civ Aan Cln Aap Ala Cya Aan thr 
ieo 101 "° 

lar PC© Ala Ala Ala Clu Aan Ala Xla Thr val Oly Ala Aar Thr Lau 

115 1X0 «* 

•ar Aap Ala Are Ala Tyr Pha Car Aan Tyr Cly Lya Cya Val Arp Xla 
110 131 1*° 

Pha Ala Pro Cly Lau Aan 11* Lau lar Thr Tyr Thx Oly Aap Aap 
14| ISO lift !■« 

Ala Thr Ala Thr Lau lar Cly Thr lar Kat Ala lal Pra Mil Val Ala 

III 1T0 1*» 

Cly Lau HI* Ala lar Lau Ala Lav 



| t 

^ 
§ 
3 



1 sil i . is 







; . ■ i * 
; i i j 


.Ji.U 


.J.!-:.:.). 


,;:! 
":!.J 


i i 1 : 








■jtiiv 




ii-jt 


x • • 
'. i 


ji.;.:;. 


K 


i i ! ' 










| i ■ 









|.|JJ.! 



11 



;J1;.,.L 

s : i : i ' 



If' 



I ;Ti i i i i I i l 



I ; 

**• i w • • 

•i I' 



i;T; 



! : i ! 

ri. 



I i ! 



m 



III 



l-i"-]- 



i I ! : ' i ! 



:J;L|J. 
•lili 



. - : I 



•'Uilli'-ti 
iilitlti;l< 



!.u.:iii 



Is.i 



nniiiiiiliiiiiiiiihilllnAsn 



—20— 



1*11 ¥6-508117 (21) 




—21 — 



ft H¥U-506117 (23) 



Ncol \4a38/ 

Pvutt 




Kpnl 
SacIJ 
Ncol 



Soc<EcqRI 
PvuH 



4500 



500 



4000^ 



EcoRl — I 
Ncol- 



35O0- 



pURA 3 f£.n 



pPU203 
4838 



ArapKtt, 



.1000 



-1500 



4000^ 



EcoRI 
Ncol— 



3500- 
Sail 



-pURA3EyiJ 



pPU205 
4855 




-tooo 



-1500 




4 8 3 8 



08 



P«tl 

SphI' 
Hind EI 



T 



2000 



AatH 



Ndel 

2900 

Pvutt 

pPU 2 0 5 E7U : 1-4 8 5 5 



H9 




Hi 0 
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mm 

Ilsfisf 
iSifilg 

Iisjiji 

sp>« 



PDL321 



0.5 U) tfcfil > h 



Sall/EcoEI-Cf+T 



P LTC 1 9(SMl/BiacIir^ y h) 

tut* 

- SacI/EcoilT^v h 



ODL322 




it s ) ^ CTAGCGGCCG 



p P U 2 0 5 CPvoIlT/? y h) 



□DR601/PDR6O2 



HI 3 
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9 fi 



= X 



0 SI 



i 8 4*^8) 

W 6* 9/31 4B 

WfWM «fe£ ft R 

i. 

PCT/US92/0252 1 

3. ^MUOA 

ffi 3t TX VAMOIA iJ7*AiT«9 2 0 3 7, 
• r-JUCr-K-*'*;* 50 5 

4. ft 9 A 

fr*^»J evu 2 0 6 K 
tt fi 3270-664 1-6646 

ft € (2 7 7 0) #a± j» a a = j||t| 

¥fi* 4¥12£15B 



6. JSttMtog* 

CI) ftjEflWMRX 




3 4ft«iE»oniRX 

n m t 

n Attus * m v - t *** *i j: c/a & r o r is *t nt n 

g*T ( Pichia ) W©*litt»i««J©«OfctoOW<tti^»a*t U 
«*fe**lfcl^<->*©»&M«& IGF-1. EGF. GRFttt) 

»1=rp»*-*«fcl&l=li£*r ( Pichia ) c»««oiaK^?SI£«i 
:i>*fcttf**i-«c,fc*<S*n*T**<5 0 cmrj:*?, tt»*.tf+r c p t c 
hia ) fcjfc*-?©:/ a r r — * **tti^<oaw©°rirett*<*'>-r * "C* 5 7 . 

■rsiii^ieitt^ns-c**^ 
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o ^7 - -tf fpffi * 0>ll+# J: -7 <r> p h *WlBr * C «b ic J: f? * 

outvie (* *cfu*mr**w**. flie>nfcflfeaRtt«)«jEKicfc) 

hi. 

lifc*U.fc-5 tt«K*i<*4. U*btt»<£. JMft«Mfc{::*4* ftKaV&M 

ffflti::* te JL C* /t l«S»^.i: J: *) turn * JE*i:*f LTUIt 

fjui"<-kx -fr U fi* j. ( Saccharomyces cere 
v i s i a e ) < ^^©161 **iT^* 0 7 

0-?-^*--* Ali S_. V^i/J- ( cerevisiaa ) PEP4 MB^tZ^ 
•J3-K*#IT^«. -Tut* + — M A lijjfJSttr A' 7o*-T — -fe'-C 

kL<-*J&<s ^of>f *---fc*B (JS. 4f l/f^J. C cerevisiae ) 
<D P R B — litE^ICJ;*? a - K*trCt*«> U-eoiWKf*** (»*A<7cr^ 

Se»#JKStt**< S.. * i/tfyx ( c g r g v i g i a e ) 

ho-7Wt»t+T ( Pichia ) tli*KmuHtt-9 T^4, 
QT'ftx C Saccha romyces ) „ 7XW;l>X ( A a p e r g i 

U u s ) a.tgj' fcf^T ( pichia ) mini* < ortwtfjfc^^awiaii 



ft H ¥6-506117 (27) 

.fcPttttH. XM, e»T ( Pichia ) rtic S *#J*fttt<Dfiic 

tvAo?^ -trX ( Saccharomyces ) t tzliT X^fo* 
( As p e r j i 1 lus ) £*lttr,T, nm*?* K0IB**.fMlCttJi| 

bfc bf*T ( Pichia ) OttEtJe&**43>«*a«-r4Ci:T**o 

P&Bt tf*T ( Pichia ) iBJftiltttLT, B&ltaiWfttfc***:*** 
f;*i«cBf»4ti/=e+X ( Pichia ) rottili, IBff^WMttilA^ => 



iaij»WI£tt^»SLTl>t 1:>T ( Pichia ) MOttftftfeft tt-T^F 

i c h i a ) M<Dt*#«tt*n*o t^i'J^Wife'Srtt^rttTBl^T**^ 
9lft*Oj:«9^1**al^-r4JHf^^l±±l2^ttT** a 

X5tLTt,><6±Ce + T ( Pichia ) iaJtt«PT»5!*** C i**A,-pi>*. 
>?~-tfat£? L <:»O fcr^T ( P i c h t a ) ■#^6»^nA:J|l)||DNAWtt' 

( Pichia ) KOMt«iA^$n« (WE*iti^* 

o^>>>-5' - 'J >ai7'^/i'*-:+>^-'fefjte^ii<a:*LT^*) ,, 



?iI©**B«H*Ut^ fc'^T ( Pichia ) *ofy>- 5" - 'J 
a/WK + *>5-*»GW ( U R A 3 ittc? 1 ) 1 3- K UT^SalfST^aW**! 
4, COite^oWiftttli. tf^r ( Pichia ) (U r a ) 
*T> 4ie*»W»*^ttL./z^*T ( PichU ) 0*a»*«ttf!>at*ICtt 
it afcto^atRfc^atftStiSit-Cfcft. *<0J:^ttU r a' « 

BS1I^7^; Kp E P 2 0 2 OWflHJttlHTA*, 
H2li^7^£ FpEP20 5Q*mHT*4. 
03<*r-5*l Hp EP30 10MmiT««. 
H4<i^^X£ Fp DR4 0 l«0*lWiftIHT*4 fl 
3 51*7?*= KpPU20KO«SUltaT?*4, 

aeiir^A? hp puz o 2<oww«BiaT:**«, 

HTll^^^i KpPU2 0 3©«BttHaTA4, 
BiaiiT'^^i Kp PU2 0 5 ©WBHttHT?**, 
B)9I*:/9A£ Kp P U 2 0 60«PB«6IBT* 4 „ 
0101479* ;KpDR42 1 a>*J»«ftlBT* 

Hlll4pDR60 1*5J:t/pDReO 2 crjff HcMHI 4 nfcI»*«Jfo IT 

HI 2J47-?^i K p D R 6 0 l^(WHHftHT**o 
HI 31*7?* i Kp DR6 0 2 ©JWUBttElTfc 
HI 4 117?^. • Kp D L 5 2 1 <0**ta«!BT* 

ai5i*7?^i kddr9 i i«*ipa*ttia-c*4 0 

**flfllit4->ts cf*T ( Pichia ) «0«5flData*t»W«tt^utttW<- 
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a a nftm *tt i:K«n cKit * ■ & « <t ua &*vm-r o * > j: $ s 

U fc' ( Saccharomycca cerev I i 1 ae ) •fvTJI- — 
-Vli -t-jfiurrjirx tl/b'yx ( Saccharomycca c e r & v 

*»Bji©-o<D*mfflaicBE-5 i s M*fcliMSttlC_e*7 ( Pichia ) 

1>TH« tf*T ( Pichia ) ae^j^^T ( Pichia ) HO — 

gy* ( c c r e v I a 1 a e ) PJ^PJ.«Effl)M(i!)0 < o^fffflttOffS 
KS-3*« fcf*T ( Pichia ) P_E_P_4ilf£^i»*n*o L*Ltt#*, 
g*T ( Pichia ) ag?tej:tf » r » p^«< -tr X ( S a c c h a r omy 

J: OfcftKW*-*:*"?*** 'xttWO — 3li^X£ KpEP202 

(aitni) 6Kb p EcoRJKftn»), fc L< I±T9X K 

p EP3 0 KB 3 2. 7Kbp E c oR 1 -S * c limt, 

^o-f 4- -bfA»e^<iEW*%2i=^u/=T s y hew etc* 

OfctoKWffl-Cfc* *-?tt+#ttei«H±*l«»oDNA t*RBflro**irttffl-C# 

g*7 ( Pichia ) «<Dt*©»e»^M«ttlCitl»*A:Uni1»ftlC|B»* 
atftieHf J- KUTt>4 b>7 ( Pi c h i a > i4fi:^©mft 



«&at«J*Ma.r#^CNj:'5^-r*A:»i>, *fc«(Piiatf + T ( Pichia ) * 
fti: J: * *ir?ft *. 2 »# liJiK* a l=* < c fc 

«*tt*#*ttftirr4ft!i7T+#-c** (fet>c*«*n^ft9iT#T^Tfc) • 

fc->fc — 3<D7 K*<2***ftTfc % SO © 3 - KEH*K*t% 

( Pichia ) K<2ttaaaK^W£&l::M*fcliMttttlciS** 
air"f»6>l*3- KUn»* e + T ( Pichia ) it e?<z>4fe.*i:: 
©*i^ftl*OTEtr+T ( Pichia ) itfis^rt^tt:ft*«tt<>!>-T-*7-ilfc 
HHAU -ettfiJ:^ g*T ( Pichia ) itCs?***-* * c £-r*4„ 

ZJLfcS ( S a c c h a r omy c e a ) H I S b* + 7 ( P 1 c h j 

*_) *fc\t ±y fia-mrX ( Sacchar omy c e s ) ARC4 i£^ 
fcT»T ( Pichia ) « fct* T y p -y Y -tr * ( Saccha romycea ) 

asotc^ifanc^sfeiiv *Lfcw«>, *nw<»M&=r- coaefa 

HElfc*nTt^£t^TJ*e±T ( Pichia ) »fl3»«5aaK»W«ttlC, * 

ft */: I tmtft ft =7- KLT^i) tttltt4:i^^(iX 



*a»»»»ttt^<^t2: ( Pichia ) W4J:CEUfcA^tt («^ N 
T*/:rt-«eo(»lftjte^Trt&i4ilfiETor-<T*fcli"tt*«**<.4) 

^^©^ ^l^?r^ K^«5fe («*K^*l=J: . */=«W*9ite^©*«)*tt 

4. tiWK»DNA^>i»ttaeT«««>B*n*^ttir«#LT, ae^waicj: 



©-«fcJ:CffBI|(E*DNA«)-»j!P^j«>)3i,T^4 Q fcU ite^ftftJllfc 

gj^T ( Pichia ) M0»««m«lt«^tttt&UC«OJ:^«l*« 

Cren e t a 1. , Mo j . Cell . Biol . 
5:33 76 (1 98 5) **J:tf 4, 8 7 9. 2 3 Uric J: DE«* 

nTt^«X7*ar5X HMffr«fcl* e»T ( Pichia ) 
«IC«i£*tt^ [RW*rftiJl»3l 2, 9 3 4^#«l : *S#ffKI4. 9 29. 
5 3 5^tfe«H!T#«] **tt«<kV*-«> A»<»»*1&1H* [I t o at a 
I. . Agric . Biol . Cham . ±8 : 3 4 1 ( 1 9 8 4 ) ] K i ♦) e 

±X ( P<chi« ) «natje«e»ir* B ^7*p/?a Ko»£*,fctfii* 

±Eg»tt«teTKJ:P«*<a**nsg3E e»T ( Pichia ) 

e»T ( Pichia ) *OHeH^JW«tti=«**fclilBI««^K«-*-4a 
fill* 3- KUTt>«iiK^O*J*»T«>feit1£l»l=««Stl4fr*«aia, 

^-mwoifttiK* ,ttma:*«tt-7-a -i£fti?ii»iBffi»t* " t»i * 
o JB*e*D n a i^K n a * (it ^ T7*aioBa*#w>£&ica«4 ^ i±w 
*r7cu«fr*«6«t3- Kt-ct'*i»e^**ji5*j«oxi^sii-r-c«>«) 
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«DNAif^i:itnT^-5) u, ttmtznmzm&xx^x^z&iLKm&v 

W3E«OWtUX*l. H I S- 4 %* g»T ( Pi chl a ) t*, GS 1 1 5 
CATCC 20884), ARG-4 ^ K»T ( Pichit ) GSl 
9 0. K i S- 4 X URA3 fc*g+T ( PlchU ) «fc\ G S 4 — 2. H I 
S_4^AR_0 4ft* br*7 ( Pi c hla )»PPFl (NRRL Y-180 

1 7 :#B»I1FII4. 8 12. 4 0$ff)H[) tt«<*l^n*. fcXfi^y- 

iie^«-*t/DNAirK-Us KpDR401<5fi5. 3Kb p 

SacI-EcoRI »fti^»4Cii«Tt4„ ±SZM&=?*>mtM&**V 
DNAirK* (*-o*->>V-5" -'J V»fAim*>7-tft3 - KLtU«« 
«tti*STro5' ICtir«LTl>*) ©g^»K-fi, 73 X« K p D R 4 

2 1CDW5. 0 Kbp B v I I tm*r*z>m*c 

w^iar*sn»«s^ <egf) . vttmiaT cgr f> , * >> a g 

>HiMT-l (tGF-1) ^ii'OJi^^BiS^^rtft&tt^^flEtjfo 

«^^oae««iwiiB<i<«tti* nrt-*fcrt, ^ sea* 

»eW^WB*tt^«EW*i<D^*6oaSK»JW^*e+T ( P t c h i a ) 



□ P.. h 'J X ( pas tor i s ) 6>£©TA^t K 7 s t Ko 

yt-VJIfi^Ottooynt-^-, £. ^<x h "Fx ( pastoris ) * 

P.. '<* Mlj ( paatoris ) ■ ■tfcfcl^T* l^K^ 
Kr*«(£^0*ll©(|(JI|CD/r*fl3lNFatt7'o*--^~« 
m\tP. ^h'U ( pntoris ) apy -/t'1Wti7 F ?<<^- 7^3 

iie?l«*tt*F*l. +^t;««W^^tlTl>* : E I 1 i s e t a I . . M 
o I . Celt. Biol . 5 : 1 1 1 1 (1 9 85) * X CF*II#ftft 4 . 8 
5 5. 2 3 1MHU 

ttffl*rl49iafcf»tfmiy>-bf -y Mi* MOtt*!^O^P)»r, EiTODNAK 

( I ) >faf o-7»«©/ * j -/HC*ftJte^-«D7'D : e~J'-«* ; 
(ii) (a) H*0#tt ^r^-^EW, 
<b) HBitilfiet 

C 1-PireDNAaWI**, WEtf V'Sr* K*a- KLTl>*EM©li^Ofcto 

^ ? ^-<CPB*<=^*#iTl-^*«'ig^^-*-/t.BSW*3~ KUTl>* DNAEWK 

4 DNA, S,. -feUbi^Ji Uerevtsiae ) a-flifrS^ (aMF) 'J 
KOTl'*DNA (ya-fcr> >rB8tt*3- KLTO«DNA 
E?iJ*frt'. I ys-a rg) , HZXlfs ')V+-J*C is 7 + >VV&\\<D X 

ti C a > CT»*TiH l J7?i/KtltfcJ:U'fl'JTf , iMt«ttttl*t*f 



It f* ¥6-506117 (29) 

(ttltlSR^ffilSttlBR) *3-KLT^4DNATemini. t 
b<li, Waft-rftRllaieK^a- KLTt->*DNA*ri?CWra (baa 
ring) tt***££T ( Pichia ) ±E<0 J: -5 CBB 

IT^»*^**-*4i?»-r#ft„ **K!jr|©HTl*, g*T ( P i c h i a ) 

UTl D N ATFJ»|^1H6ft-C» fc 0 

/ ^ J - A**** J; < 4HlDOIt«*ftloe+7 ><X h U X ( P 

i c h i a pastoris ) *C*S» 

Lr^4. t»»lj©»1»«l*©«t t:»7- h'j7 ( Pichia 

pastoris ) AOX 1 ^4>Q7 , 7 -r 'J - 7A-3-M*i'/-tfl£ 
^Ofctocrot-^-, P_. ><*l»'jx < pas tor i s ) AQX2 [P.. 1< 
Xh'JX ( pas tor i s ) o©«|feft5j^T/W3-/l'J*'^^^--l?iie^ 
^S^-Cl** C i^tt^ntl^ : T/l'3-/l' ( AOX 1 ) fe 

i^T^3-/U * + 1 ( AOX 2 ) : — otOAOXitG^eDr:- K 

W^JjDNAJbJ:^^ M**X*r i J a»EW«DW^OU^<^T*li*Uffl|Slft*j-CA 

©«*tt«t»oT^4^A_GJLL<D7'o*-^-l4Ji0S*I|i«TAC, *«it 
C^tfWlLtfU/JsS* < «8l*fi-5] 6>^,«-b/7>^U- T/t-rj-A- 
*i^--tf«&F»fc*>CD:/n*.-*-. f_. h »; X ( p a s fc o r \ a ) 

*>^©^ t Ko+i^T-tr h y : s V 9 ( DAS ) C3fci6<D7*D *- ^ 
Z- b 'J g ( pastoris ) «i© P 4 Oiie^Ofc^orD *~ 
P_. xx h 'j X ( p a s tor i s ) 0^0*^7-^6^^*407* 



--«a*-lr.y h' ili^WMteJirjetal^^fjiBHtau-c^ 
««(:ft!ffl-r*E?iJ*&t?DNAEW*r*-*CTl^. 9 - "t * - 9 -I* 

-^-j:MLTittrj(;fl£»t4J:^:{lloElSi4<iT^* 8 ft^r. 7ot 

«-3fe»rErsjLT^*) ^"afG8i*ni©^tfaTA^o 

rt-tr? HiKHttDNAKK- (*0*ODNAKK*Oiaii^|-:*»i5i:J:-5Jcit^ 
©Jfffl<5tt(it'sErajr*) -C*4o fcO, *A*n*~s#DNAa*«ttilG : F<o 
HrK-*tt<bO. 2 k b IIiOfBMttUatM»-,-C^ttfi^* -XSite^fJaii^ 
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»:tt*M:*ARlt*f*P. h g * C P a a t o r i a ) 1»£tt*J: 

**i/*ft*. HIS4- P.. h*)X ( P a i t o r i a ) 

-teUbT^J- ( cerevisiae ) *fcliJP. h ij * 

a 5 1 5 r '■&,) HjLS4«15^ffll^n5X**-5L, ARC4- ^tM 
<*JL Ci*ML* ( P»»lorh ) *©JB*Gi*l;:i*S_. -bUbfyj, <c« 
r a v i s j a e) ARGSMtti tzit P. /<x h ^ ( paitorlO 
AjRG_i»fe^^«iv^<a4-c**->U, UJRA_3-««ttP*P. 
Cpasloris) «^JD|||£*Cli % -fr {✓fcf yJg. (cereviaia 
e) URA_3il6r? ll*-t!L* ( Putoris ) URA3 *fi^ 

*<ffll>*ft4TA*-* a 

**Mo^^*«c«t-,fcaie»»w«»tt^tt<o«»ii.«?i^ni 
^^fK«K»^«w *h4DNA HflSftji, nftcm4>T«Mtrri=ff i»-r * a 

tr-r*. at^atR^tt^-^-jriir^e^y ^wtfeits^ (Amp 1 ) . r 

r U n 'J > V. C 0 I E 1 t£ £& i &-ttL& 9 

:;r«fflin4«ii "*9i<< > in*, *er>«*jic**ft-ci>*DNAB2 

WtHlTlS^? ?-*a*^-Ci>*-3 fe^TA J; -5 n£E7iJU<f-<Z>«m 

H«IC*« 0 «**DNAttWT*ttfflffi$ft*JfiJ»^i>*-iiUi 



ft*¥6-506117 (30) 

V±Z (Pichia) BO*********-****, fOJ:^; 

KV*SlMt*TJt«Sft*o ho-7»S*©***DNAK*-*<ifejft 

Lttl**««©»^**Ill-r**. C©<tMft©NI« P. '<*HJ* ( Pa a 
«#«*iaitW*ff "5 . ^ ©*nJtt«JNRI]©tttt© pHliMQU p H 

ft* <*«*n*««) pHURairaffiin^^jEflDtiinpfcivaeaa*!* 
^tttticttflpr*) . 

WW*frT-Cfl><i«WflBiilsni>T, 7d £©£sX«j©|n| nuclei 4 

-c« v*y-Aimi-/<,f«-r i*Sft*) c^niitu:/^ 

w*nT^*«fi^oft««K»-r*. cromajaww, c©aj»r**e©« 
ttA^ratt^ft^inior^aantiifrsti*, £«»»©«©**© P hi* 



mm m mm m ±vmmi*m<ovntttt*#toip-c(omm<D*9m. *j-ttf*©r 
^T©*ftJ§***a*oTi*a. mv ^stottioiiMB (« 

**««6HPi«*a. ^imjtt**<A < »m^mm^tii,p_- ^<xmx (p_ 

*<«ffl*<rs 0 c toiler i*w«jcieV^- 5 +-^~*-c%*o gifttf 
«^£»a^*, hl<, fcS^I=alj|i«<c^-r*P. ^h>^ ( pa a t o r 

ISl5^Mtt4)«tti CPIJLtfmECP-1. EOF, CRF^) t 3- 
KUTU5DNAEW, *i^P. h X ( pa a t o r t a ) AOXl it 
fi£T*^«i»*ti^e^^- £+-^-*#A,ti^, »*<r<i-ooiH*r« 
DNA«K-J:Ott[*Ofta*Hr y h*r#*fc*5, — ^»OD N AK^-Jbl=, JfeM- 

*f*^P. ^XM;^ (pastor is) ffjlCH H f S 4- 

(CS1 15) **<*ARC4- (GS190) ¥"-*fcA*»tt»«t***P. 
/<x CP » a t o ( s) **«H>^#i«i<, H I S 4 -/ URA3- (C S 

4-2) tfetfjm4-/ARC4-(PPFl) - at ttJtJIt * P, 

-^-ii£T*iJ:^B*lial(i^-»-it&^, t^pBlH^ «* 

-^il£?t*Oe + 7 (Pichia) *©«^iM^tl*iHalDNA««-*< 



(Pj_ch_i_a) yy AO#«OHfat (W%, URA3 «^g}) DNA©@ 

*itux (*iiijru^^>-.5* ~«; >*y/7/v»K+ •>•*-■ tf*e^*u 

Tt>*> e+r ( Pichia ) B®*«iajft*<!lttetia. URA3mi 

URA3 ' e»T ( Pichia ) ttfc fcf+y ( Pichia ) 

***^<^±T (Pichia) C9tt***©at^C«fflr*/=*!)0#irWffl 

*. iai»W*tt*X< ( Pichia ) OHA.oy5:*!>c!>coailR*li % 

tfttt d N A »rK-*<»^«j©y y i-Nf+in d ft. Mi *T*fctt»tt 

aeww** j: cm*a * *i ^ < ? ^ - E nno«i nnia mx. c ^ ^ «^ ^ d 

iie^Mttlttttfflr*. *ttl=, JKKK^WURA^OjL^^v-ft-il 

B-=p*a trw** ^ ~o«»)ii**cj:^a«R*fta 
x*) « ifci=, ^sn/r^iUBK^iirtattite^EWfcjiafaiiitftfc-c^ 
^-E7iffl-c«t»^.^cc 0, thi^o^-^-afe^jcs? ^-cr>— n 
J: a fi^rt ai*E ♦) a * ft fc«t 4-rsi je-*- «fctoirx?v-.^>r*ft 
tzntuittmiy m *v-f--r*j h* isj B ura 3 ie?fj;yu 
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COffioae^lMHiaBttKJi. 5-7;u* B -tof y» (5-FOA) 
*=> *-*<fctritttttU£A_3 itG^*«*^ "CH*. Ura'f 

ittmcoyy ^ovi** <* % — 3CD«ttwni«»e^*i^ot~- 

o«#ii«tt6f!i cant, tusnfc) wwat&^td^u r a'*5*»i»f**»± 

4U/:5-FOAW|SO*5ctUr a 'JBHCftft *x * '/ - > *n/c p URA 

^ J: — ! Kox-mtentiMm* tj, * vizmw v r a 3 ur a 3 

A^it ffi ^ o W * * ± C * « |g ^) J: C/^« « Wit ft «» A ^ 51 (ftir « 

*©f* . WIS* * * -> ;Kl»*W»cO»ti4att(*T* *5-:T;u*-a-*-a 
C5-FOA) CURA3* ftfC J: * ft** *xtzi*&. t , 

ite^t* < t*A<MH!feJitKT* £„ fctf* ^ URA 3- 1*11 5 i^HM8<D*Jt 



^^'^^-^ **<P.. ilZ-MJ 2> ( pastor! a ) P EJP_4 »fr 
*c>iru-- > y<otz#><Dmm#±LT&m*titz 0 P. '<*r'Jx ( past 

ojjll) *~ DNAtp s a u 3 hmamii*>mwtmnm*+*>mmiLv n 

A©if«I|r*fa<*>'<?^'J *7^-^ AyMomUTl^/(?fiJt 
~7 t — *J A^^-EM8L3 C F r i tctltuf, A. -M. M aj_. 
(1 9 8 3) , J_. Mo I , Biol , 1 7 0 : 8 2 7] rt-NdAinfc, P. 
b IS ( i) a storis ) D N A £W E MB L 3 * 9 > t* r n r 

^<^^rKttd*fc*M*aiB|S4,oil|(|^DNAfi0lt»|=J:t)M*hfc. 
#3 XttM*#ttff CCragg e_t_ a 1 . Mo i . Cell . Biol , 
3 3 7 6 -3 3 8 5 (1 9 8 S) ] *m^xmm*Hfi: fcT+T r » * 

c p 1 c n j 5. Pa< tor t s ) adna CNR R L Y-11430 

Northern Regional Research Center, 
Peoria. J L) 110, 1 u /jc* g <fc*J»«*-r\ 3 7 *CKT 7. 14,2 
1 *>±a2 8&V><< > • >f= J:* S_a_u 3 A©«<t*JWftL/= e ft* 

O-f > + A ~:--> , >«e>ffiO-gBlimft«n/rDNA*T^O^#**tt3£r« 

^- > . > *nfc*4fctol*3L* LT9 - 2 3 k bHf«-6^j«ort>*iJB*5n/: 0 
^ri^co^^W^-r-^L. TI5©^-51Hf«*n^EMB L3^^^~ 

EMBL3^?;- T-Z.fi^7 (EMBL3?o-z>y+ v h, s 
t r a t a g e n e. Cloning Systems. San Diego. 
CAi^i^n/: : A^oyt*24 12 11) Q Bam H I feJ:{/ E c o R J 

*'±E_ajnH 1/ Eco R 1 *) >f7*~lt*-f / —A,iz J: 5 atR^jtJGl(C J; t)^H<fc 
t%*>^»tirt^ n 1 fWEMB L 3ffI?H(kT-A'voS_B_u 3 ArAKbe+T 
(Pj_chJ_a) CO. Sug) ©»&(i5*/ I»«««&W«4 



»H¥B-506117 (31) 

X -S-FOABtt' ift-r*Ci*iT#*) . «JW^URA_3_:t»li5-F 
OA*ft»Lt*tt(fcft«tt&0, *n^URA_3^«W01fW*Wi/*. » 

A-cbTURAl^ffl^TIBItelfcT?**, 

itti«t*iti6, :ftt b>7 C P i c h i a ) iSSirattOMfflfcft* 
^nTi^ URA3 - tf»7 C P i ch i a ) ftli^^ URA^ ae^ 

♦ MK c C TBTOMMm J: 4 MlCHVI sn« ^ BIT® 

r : P ^<Xh»;x Cpastor i s) PE P 4 iie^cT? JKM 
P. F Cp a s t o r i s) PEP^ lfe^j;. iHWtt ^or 
^"^^ tu ^'^^ (Sacch aromvces cerevistae ) £ 

V*7r-<S ? Ayfr*,CDEMBL3P. ( pts tor I » 1 V 

/ADNA^^r-^^-^efajje^^^^ -^y^XUft«*A7r->'D 
NA*ftt'»ttr7-^t*«-r*cilcJ:ijp. ^MJMpastorl 

A - P ^^hU(pastorii) EMBL3yMDNA5-<7j'J 



^MJ7 ( pi.tof 1 ± ) ryADNAif^*J;rjtEMBL3^^ 

tfhnTlBKfflM^-i;^!, (Stritagan, EMBL 3^d 
"-^ + ' h) tflil^ y y-y^4nfc, EMBL3fr*-^<p. ^ 
ML2: <? a s t o r i s) yM^79y-iiHll^7 r -^ D7r - 
^P2HtfAillimx«P2 3 9 2 (S t r a tagene EMB 

■r*fflA^^.j 3r7 r-v*li*»«t*P2 3 9 2*-CI*ltJ«Lrit> 0 p 
2 i* A * W^M fi?o ~ -a ^ ^ < tt ft t E M B L - 3 ir J: 4 /< ^ f- y 

*7r-^liC®P2#W^lia**TTJ:<Jt»r#* 1> IMcsi^ 

EMBL3i:l^<P, t y ^ ( Pa a to r 1 a ) yMDNAOt-< 
WU-H:SMMi (5. 8g NaCl, 2g MgSO.-H.O, 5 
0m\ lMV«;x-HCI, P H7. 5,*J;tf5ml 2H^f>*lv y 

B - ^p-^LTS, ^rutr ^j: (cerevisiae) PEP 41£^ 
*fflC>3EMBL3 P- r'J7 fn^a tori a) Y / ADNACDxo 

PE±AmB*r^+sx+_7 ( P i c h i a ) y;Ami:^-j->r 

5 0. 0 0 0©M»A7r-i/*,-J;c;*li«*J|[^fl|£ttLE3 92 
(Stratagene EMB L3 ^o-- *4rj 

5'0mm*U- rKML/t. 6 - 7 $ tffc*. 

4*Ci:^^Lfc. C7l/- h^-y- ir ft * CO^ L/«- 9 - ^ 'J 7 J- 
©rL'-hJ:!— h B e*a-A«< Ctl:J:0WIU, 7^ 
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*#-«te*-b\ **JU S. tUb-i/x ( c e r e v i a i « e l 

PEliUS? [Thomai Slveni. University of 
Oregon. Eugene. Or e gonCRJtl^<3A#l/fcS, 
x (cerevisiae) flP4 »£***t,\ y/VTm«*ftfc *U 
^x (c e r e v i s i a e) ONAC»P«i4. OkbWtf : Ro t hm 
a n ^J. »JL - P r o c . Natl , Acid , Set . USA 6 \ : 3 
248-3252 ( 1 9 8 6) Ml T*Iih/: ( y >u 
30K^i7Arhh\ 6xS5C, 5xf^-h»ft 4 2 0fflM hi;^ 
HCl:pHB. 0. ImM EDTA. 0. lMSDS^Vl 00k v/m 

C*i*©#tts>«f*»K*I^T. 2xSSC*Jif/ 0 . l*5DS*ffl^T5 5"C 

1- C cerevtsiae ) PlP_4ie?OKfr<:/%^r«; / 

•siiao (in duplicate) PUEShfco 1 5 ©Hattys 

<O*0 L. SMMtt4>u«tt*t. M^n^e^lO-'il; 

-fct/1 O 'OflR-e^aaittfLEa 9 2i:»irj:»j/h*<r l 0 Omm^U- 

»«Lfc. mi n7?-9xir 'j-->rT«/8*ttfcfc©£Ki--flD/^ 

tc e r ev » » j a e_> P_EP_4 0lfi5^»rWr«**n/:, 

a<«as**i*: e cn*©*>ryur*-*©g^*«M*fi, 5M«ffi«*<=ai 
LE3 9 2±ftlojN*fc l OOmm^u- H:l*ih/: fl *tt©2Eco 
T. 5.. -bUbT^J. ( eereviatae ) PBPJ.Ift^lr|tTi*07U 



» !*¥6-50Gl 17 (32) 

r v *v x l* c t *<uj e. frc * n*. 

cn*©**«!©3o (** 4 72 L 51 1 1 fcitf 5 1 3 1 ti«) © 
D NA^, r - i>Kg>* *ITI>* PE^Jtite^^mjE. 

*Uttif**W79n-i,1l<Dtz*>tZ'<*r- V*7 r~ CM a 
niatiB. T. . Fritach. E. F. *J:tfSambrook. J , 
Mo i e c u 1 a r Cloni nt , A Laboratory Ma n u a 
J_. C o I d Spring Harbor Laboratory P r e a 
s.Cold Spring Harbor. New York, USA (19 
8 2) ] *ffll>TWM*n^o 

C. S. tUI:i> x (cerevlsiae) PEP 4aS^:/N^yj 
XUEM BL3P. h (p a a tori a) yMDNA?-fy? *J 

EMBL3 b:»T ( Plchia ) y y AD N A ?9 V 3^>c£>* 
«m (47 2 1. 5 1 1 l*.fctf5131. ±K#«) **WK*nfc«lM.7r 
-yDNAIii*©M«x> k? ? f7-fT«ft$n, 0. 8K7#D-xy 

^Dy hStlttJWttWIiS.. -trUfcf^j. ( c e r e v i s I a e ) PEP4 IS 
^©KW-Tfll^dnfc. 3 0X*/Ui7^ft h\ BxSSC. 5xf>/> — h 
20rnMHj*«HCl. pH8. 0, ImM EDTA. 0. 1WSD 
Sfci^l OOM/m 1 lrmDNA*ftt,'*«*-C, 3 7tTM^7Vf 
W-fc*- >P<Xa*nA:„ *va7-f /^-(i2xSSC*J:c;o. 1XSD 
S*fflt>Ta«T?5»M3IS» Kt>T2 x S S Cis.fcr/0. lKSDS^ffit>5 

2^ ? u- > (5ii 13 1) ds^oDNAcomcrflfttt^xf- 



->*<»£tlfc. S_. jtUt^j: ( c e r « v i a i a « 1 P E P4 1£^fr 
N A ©*«P*»rW-co^«(r * d - 2 o©««r,^i p] u*# S © 
««l*7D-7--^i;/^Ufc#«Cl«o/:DNABWW,Tl i*c<u 
D - A.P->ffcP, ^HJ^( p»stor] 8 ) PE P4jfg^cp»^» 

7n--fk LXmmtntt S. jrufcf^x. ( c e r e v i a I a e ) P E P 4 a 
fi?M^EcoR IfflteP. ( pittoris ) y y AD N A 

(Da a t or i ,PEP_4 P. /<* r ';* ( paa tor 

±±) Y/wio. 6k b Ecor i»«-^ic#*nrt»*, sanice 

'W7-'J^tf-y,>|i t jf>b'yx ( e e r e v i a I a e ) _P 

EPi»6^wr^<xifci o.6k bafjrM^rt^sri:*^^^ 

jr L/r. ^ o - ~s{t P. h U(p a a t o r \ a ) P E P 4 tfiffPHfltt 

»»l=r«/ta!>IC, JH«4 7 2 1 KODNAC Eco R I W^±ir#«n4 P. 
*• C p a s t o r i a ) TMDNAfrpUC 1 9 rt-»lrr * a - ><t 
^o->4 7 2 1 (25*g)*300*I <OttM*» Eco R I 
(60*S) icx«fl:*ftfc 0 WfkDNAao. 6 5»7^-^y^Tj}« 
DE8 0. 6k b Eco HIKfrtfigthfc. »MM 

a^^A-crttUSnfc, DNAlifcKi^y-A-TttlBdn. 1 0 *t I 
T/7k<:W««#nfc 0 WSOngoiO. 6 k hjfrU Ec g R r T«j*fi»ii, 

« »/ ^»ft*nT^*«o P u c i 9 tzmm * n^. iittff^a^na^M 

C 106 1<D»1l6!*<::«ffl**u; a t >fcf •> <) >»ttn D ^-^jg^^n. » 
■rlO. 6k b IcoR li^#ft* 3D ^-DNAO«B»*«Httt«J> 
*f*=J:0** ';- i >/U, ^*l7ni KW«flJ(ljELt>^9^£ K (p 



EP2 0 2i*r*f7^ti/i) *ftt^o-- 3 ( r ^ftK*itfc. 7?^KpEP 
2 0 2««AP_. H^JlJ^X ( pa a t o r i « ) PE_P_4 «e^**X,77U« 
CH1#«) . 

?o->ftP.. h ( p a a t o r i a ) PEP4 aS?OBW4Hf* 

«**=r*fc*ic £. m;^ ( paitorii ) 

*<PUC1 9*^*7'* o-^ksilfc,, KpEP20 2U Btm Hl 

* tl % DNAOO. 45kb BamHIiR- (BlflH) A<DE8 1^<- 

*m^Tmm*ntz. mmwiHH Bjjn K i icj:*mffci=j:»jitijtt^*n, jh 

« ^t*htt>* P UC 1 9(-2 0n g)i:ialttsnfc, aitA^ttlMM 
»M C 1 0 6 1 oftftEtfcUttA * STCiftfictt 7 > i> u 

i/>^6iijiHlim«t3Oi-DNAOM«i*i^<0»jff 
»; -©»KI6«l*>«&*U*^>rA'3a--tiaiWttDN 
-CH* -i*t|Jlif« n, p E P 2 0 5 i*W<7^n/i(BI2#»lt). 
T'^x 5 Kp E P 2 0 2OEW»ffTS. -teue^Ji ( cerevlsiae ) 
OZ£PJ.aG^t-7 0 K<D«BH***-3DN AEWiBjE^nfco P E P 2 
0 20CCBWi:j:9 3- K*nrc>*r i ^KnttS, ^Ubf^j: < c e r 

e v i a j » «J PE_L4aft?i:j: 9 a- K*nt^«EWc e 9»nnnT 

**W J I : P. M;*(paatoria)<PPE P4jCX (P E P 4 ") 

A. P. b (p a ■ t o r i s) PE P 4it£y«H-<y p D R 
4 0 l<PfT« 

f_. h')^ ( pa s t o r i a ) P PEP4 X* ( PE P4* ) »OWWB 
IC««r*fci6^^^-pDR4 0 l*<fttt$tifc. Z<0<*? 9 -it, P_. s<x 
±±* (p a a t o r 1 s) OP_E_P4«tO«lie» J r«^snfc«^. »T*ffl 
P_EP_4ae^©B«|IC-t*Wiy/ Art-.fflii*4ia. 5cP6eo**P. ><x h 
( p a s t o r i s ) P E P 4 a&y *s*A,Tl> 

PDR4 0 ll*BiT©ri< 2X«ttTflE«*4l/:o M 1 ©X«T14, pEP 



2 02**pDR4 0 1 (ll^^-pEPSOl) 
*fMB**ifc. -?^-pEP30 H*DUC19B**.fctFpEP2 0 2** 
4>?o-><fcP. /<x h 'JX ( p a 3 t o r i s ? PEP< ME^^l>j;. 
y*X* K p E F 2 0 2 (15*g) liS_a_c_ I ~C?JMt*flA: 0 5. 5 k b S. 
a_c Iifr (S a c I y >*-*-»Wa*IC5l*<DS_a_c I SBtt* fit*, 

*f*C/-r-t-c«p UC 1 9EWfcJ:C/P_EP_4itfi^*^A / -cv>* ;H1 
*M) ^DE8l^<--feffl^tO. 7KT#u-xr**S*»<Sii* 0 tr 
)tl<40 0^HOlM NaC I -p-*— *»tii 400i<lO7*y 
-A//^OD*/PATttlU*ft, ^^y-;UTitlB*nfc. CflPDNAlil^l 
*)1f-Miu£.Vl u I (-10ng> «3DNA*-*e/l 00 I 0*tt^Tt 

■MeMC 1 0 6 l<D»«|&»lcttW*Kfc„ T>e-> y >»ttao;=.-**** 
>>^U5. 5kb Bg 1 I r**©*ffi*=j D -_DNA©*J»**M 

^♦fC^x^j-iyj'Lfc, r?X; KD N A JilE Ll^T* 5X; K 
(PEP30 1 ±*f*l*.»*ifc, H3) *tt-MC 1 0 6 1 cOff**e»=r d i- 

pDR4 0l©fl!SI©»2iai:tehTli, P. h * ( putorl 

A) 1LLJ. 4iie^a<p_E_p_4**r:/5 ^ $ k p e p 3 o ln^WAsn, *t* 

P_. h ') x ( p a s t o r i H_LS_4ite?Up 
V J 8ACJLa>*W#*n*2. 6kb Bjll [Cregg, J , 

*-L «_L_- Mo I ■ Ceil . Biol, £ ; 3376-3385 (198 
5) 3 **a»**nfc. ^fAi KpY J 8 A C I a (1 5 * g) H Bg I 1 I 
Tyflft*n, M*ftf;DNA<iO. 7KTZra-xY>U±-r#«**i*: c 2. 
6 k b*«"ft*HJ_S_4 iifc^li 4 0 0 » I « 1 M NaCl Tfctt LT 0 E 8 

i ^-,<-&st,mmzft, 400/* ion; - ^/^oD*^i.Tn6ai**x. 
i^^/i,TaB$nTiOffi«*i:W«ifsnf;. ;©2. 6kb B g j 
I Ii^p£P30 l<P»Wy? Bg 1 J f «tt^«WAICftJtt-»T, tfj20tf 
ff«p£P3 0 l*Bg 1 I iTflftih, ttV >llfb**l*.tt/7 

;oo+/^Tttaj*h/: ( we, nsong®2. 6k b h i s_± mxmK 



¥6-506117 (33) 

*tt5 0n gS>B_g_M I«ftpEP30Uaa loiltt, Uio^ 
-***tf*M*ttjrci Ou l4«ft*Ta*»««c£G:j;9 2. 6 Kb 

iLLAl***rf*pEP3o irV^*A*nfc 0 **i*mt 3 

*M&«j<iMCl0 6 H0tto»K^«n:affli nfco T > ^ j, >Wtt 3 B 

i-^^anajf^fcyaxs KDNAU Bj l I I. s a 1 f . B g 1 I I /s 
■J.I. f SS a I 1, Pvu l, Ilc_o I fc^c/K^^i r«<t*n. 

PDR4 0 ltOftK^Wtt**/::. - ^liiELt^* X 5 KpDR 

4 0 l^W»*n*t,tOi-ftUfc (04M) o 7-^5 KpOR4 0 1liP 

a.) HJ_S_l«e7-*<tf AStifcpUC 1 9t**u Lfc»,T P E P 4 «fl* 

B ' PPR<01Oifrt:j;aHl S4P. ^MJMp.storU) 
«<PGS 1 1 BOggg* 

— ■ r 'J X CP a s t o r i a ) o P_EP_4 **f* 0 tdrfcto, H f S 4 

JPEJP-i P_. Y 'J * ( p a s t o r i s ) MRS i' i s fATrr 2 0 

8 6 4)*<X7ioy^htt (mftI4. 8 79. 2 3 14M) <=tt, 
-tpDR401<O5. 3kb _E_c_oR I/S^Itf* 20*g-T»Jt|&** 
PDR40 IOC g>^HHJ_g-4_gfe^»W P E P 4 ftSrMfc^-tt 
LTV'*,, COfflOlfl^^CJjOibiJBKtrfll^WjltaisfeT^O. *ttlC* 

« e «. E. Gene t j c s ;8_5 : 2 3 - 3 3 C1977) #«] ti^r 
*^**^r*^-*Y«tta<*M>r*nfc. i*>r^*YT*i, Hi s 

r*£H*#i:rL>- rS»>~3 0 0 = o — -©Stflt-CY 
E P D C*«MU1ft. l**7r>. 2«r^hD-A*iJ:a'2«*35) 



;^7-K(OMF)44t'0. 6J*7#o-xyA,#.fcoc 1 . 2 mg/mlo 
UKAPNE (N-7tf^DL7x-^7^>i3-t7t;i/xxt;W **> 

i o- i saoMcafe/f >^fi+^i<a^nfc. wjhwc pep 

^*L-Ct>5=ra^-{iCO&«0»fe^jl< , ^ft PEP4' J D--ICifc«L 

-n:»*h, fc*:«ft*»*n. 5*--/<-Kr^ir-f*ffi 

^^-PDR40 1 Ogr^fgHfli&^iCfc »? cn>g<DIBKte(il»g) P EP 4 

ffltt^wial##tr( < >-6^ir-5^*^jE-r*^ir>7'CT ^ h'W^y ^-f-tf-^ . 
>< ; j: 4 % Ut fz *i <- m & & ft tt ■ 

tt»^*'+>-sr^-^-^f§tfe*^u/r20^^KI£»*tt Cp 1 - p 2 0 t 

w*n«> fl^y;ADNAio<«itfjsn, sa c i c o r i -rmit^H 

3kb Ec oR I/S_ L c.I»r«' < i;LTia«*-tt6iir-C*«o Cn*©»|4t 

P-WfcJP. ^X h 'J X ( pas lor i s 3 PEMife^C-ft^tip E 
P30 1 CH3#I«) 0*4O«kimmi. 4kb Xb a I/ Eco RVK^ 
TW*in, icrn 7 HiHJ_S_iilg^t^C P DR4 0 l<r^<Ott«tt* 

• 2. ekb pjli t i mn-cmmtftfz, itanmmv s a c r *xve c 



S_a_c lif^EcoR T4rji*GS 1 1 5 in *©Y J ±D N A om<t«C J: <5 
P EP3 0 lOftlfttiiJ^/E^RVi^irtt^ti^pj^ 
lffi*fl-«C ^V^Xt42. 9kbi^^^. ItMc^TP 
o - ^<*#*f 2 0 <9»«^tt»ra ^ ^or, i 9^ a Sa £ r / Eco R I 
iftDNA^Htt^ftAiSfl)^^^^^ ttp ! 73(p ^ OD 
NAt0*^ W ft*>^ WDNAyW ^ (JrY ^_ >-> , f , < ^_ ><t|B| _ flp/< ^_ > 

»^®19»li*«*P_EPJ,«tra»=W««^2. 9kb^r^ 
f X*fK-*K#. ZJ_P4.ae : f-^n-^y>^7' I ;^ Xi - 4 ^5. 3kbi 
H-**CF^*fe«J;0*tttB«^T*»fc B 5. 3 k b Sac I / E 
c_oR TCJ:«j?|{bl3J:0'<^^-pDR40 1 ***** *ft«***tI»D N A 

*Pi-pl6*iCfpl8-p2 Oi>^<ODNAO*lf>7'Dv h/>-f 

^afe^**^Tfeo*oPE^aEttfi«»*nTi,>*c^:*^Lr^4 0 

P. /<XMU Cpa a t o r t ± ) ©PE^ittcjr^^jftlfcorD 

x^a^BT^wettt^rr-r*/.;^ x«fr r i r *cE«anxi>*j6-5icflip 

13*1'; y h^JfclpTitJtShfc. 
3. KKg£M»^n-f ^-tfASttQ^tr 

ao©«f fii^o^of -ft-tf AftttiW o a e a jt± a i , OfriS 
C Gene t f c s -L°-l • 6 5 5 (1 98 2)] ira-^XlMjT^-trW^ffl 
^tffB**ifc 0 t><o*©*JWi»fcftfc-or ^-tr-<-Cff«d*ifc ; p E P 4 
fc-fct/S. Hr t^hr^x ( c e r e v i s 1 a Q PEP4 H (*OBY7 4 7 
fc-tV2 0B 1 2. 8Ue a a t Genetic Stock Cent* 
r. University of California. Berkeley, 
CA*£) fciVP. "<x h 'J x ( paatorli ) <r> ? EP4 ff$ffltt (ft 
NRRL Y— 1 1430. Northern Regional Reaae 
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■ rch Center, Peoria. I L) . 

*> *> > -L- ±*ZlZ2* ( cerevisitt ) CD PEP 4 afi?Ci 9 □ — K 

>*ir«ktu*n4Ti / n ©*ofl***«r £ 1 1 ir J: o tfefc * ft*. 

JL *i"fc^*- C c e r a v i s t a e ) WittD B Y 7 4 7 ( PE P 4 ) 
J:CF20B12 ( PE P 4 ') , P E P 4 JP. MX ( ptttori e ) 
1*NRRL V-11430fc*CJP. l<XHj ( pas tori s ) ©gM 

PEj^*©m*«j*yEPD#>s4»*i!r»!*-ritw**fc. «inn (2 0 

OD M «*tt) *1 0mMr^ktM^A+T5t^ 400*10100 
mMhV*. pH7. 5 t-X* 1 » 

*5 0 u I a&flktfWcai*.« 3 7rr9 0J)IB'<>+i'<-hLA:, 0. 2m 

SMc 2 0 0 * I © 0 . 31M NaCl*2 0 0tfl ©_fc«Kl=*B*.fc. C 
Q»«O4 0^ I IC^U, *HT5 /*©fc*©P i e r C « B C y 
*<f h CflAJ*IZ*a4tfFM4. 8 3 9, t«l>T7y^ 

*if 9 o#M-r >+*^->> >*tToAna«*i=fftt-r*««r 5 ju 

**£it«*4i*:„ C*l*2^©tmM©*»7 i V »©«Jtf*-J cr* 7 

b. mm 

»W*fJ:CFJB«ie»Hsoyo^-f tf A7*t«0«l (ft i ttJH ; AOD 
^KM*0*«tT 5 y»<0**«/?*T**) IIS.. ( c e r e v i 



»* ^6-506117 (34) 

s i ft c ) O PE P4- ttg>:/P W -J— Hf AEHtMB^ 4rl/fcf ( cere 
vitiae ) ®PEL4_:*«<*tOfc«»tl 0Kt*4wi*f LTIr^. 

P£P_i»**** <«tp 1. P2. d5. p8. pl3, Pl6*J: 
t;p2 0)«rot^t-lfA«ttU. Hrl/tfi;*. ( c e r e v i s i a e ) 
©P_Ef_4_l*©*ti0^1 0#©1©*-Cfc*„ P. /<* h U ^ ( pisto 
r i a ) O PE P 4 P£C»llS. j>x ( c e r e v i a i a e ) O PE 

ft I 

D»Y747(S.-bUtfi>i(cereviBiae)) PEP4* 28.1 

20Bl2(S.*U'tv»x(ccreviaiae)) PEP4* 2.7 

P.MfUCpaatoriamm PEP4* 13.1 

(HURL Y-U430) 



P13 


PCP4- 


3.3 


p20 


PEP4- 


4.2 


Pl7 


PlP4+(?) 


7.5 


plfl 


PE?4- 


0 


pi 6 


PEP4- 


0 


Pl3 


PCP4" 


3.3 


P8 


PSP4" 


3.3 


P5 


PBP4- 


5.0 


P2 


PEP4- 


6. 6 


Pi 


PEP4- 


6.0 



FrE_P_4ite^ir J: < P_EP_4tao»«Gair J: f) *tfc P_E_P_4 

f. llS b '* * ( paa tor j s ) * -f *~ tf A T ? * H "C&Zttfz 

r-*l*. KWfettir J: 0H *nfcJfrg<E»tt© PEP4 BttftjfiLfc::ttS 
©JB«fel****©DNA©ir<f >:/o* r £«? ©«*£-» L/c. 



III: P. '<* r (paa tor i a) ©PEP 4»© IBM 

a. %m 

^**-pDR40l <0 PEP4 ag?»t S a c I /EcoR I WtfTfcG 
S 1 15*i^«»**££i::j;*)*UfeStfrcP. ( pastor! 
a.) O P EP 4 HU p 1 3lir »J * o Ml/^a^ftN 

1 0 0 Om I ©fc'htt** (2 1m 1 8 5K'i>», 0. 9 * 8t« *> /V •> •> 
i*'2HiO. 14. SaWH^y^A. ll. 7 *am-rr*i/^AteJ:V3. 
2 «*«<t^ 'J fi) 4f J:^ 2«rVtD-4/*dt 4 2 U -y h;vo>ft»lit*- 
h^l/-rLfc. 4m I OPTM,M*«* [6|/ilM- 5H, 

O. 0. 8g/0->|^h'jn, 3»/iWiT>#>.HtO, 0. 2s 
/f^'jyfvBK*- h y * 2HiO. 0. 02j/i*9|, 0. 5g/£ 
*<t3'<^h. 2 0g//afk3M9. 6 6«/#Wt»«r-0fe- H,0, 0. 2g 

ye tr^f->*»j:c;sm i ait) *Jfc*tf irjeajL,, »NH«OH-rpH*5iw 

aSil/fco *tHtOpH|*0. K-yuJ 6 7 3m««*Ati'5 0WN 

K 4 O H **ft-r « C iir J: 0 5 £ltr# $ tirr. ff H«l«am4t««8«tf X 
(YNB) ^'J-trn-yl ^l/- h ( 'J WttMft YN B. 2»/'J*D".A,, 
2%*^) jS^P«#*1, 2«r«J *n-/P«t/»J >Mli^YNB (11. 
5*/L, KH.PO, . 2. 66«/L K,HPO„ 0. 67«H*«« 
m. PH5) *3 0ti:T-«»«*1tfc e l-800D <0 .*TJt»##tTV> 
*W»«raoi 0-5 0m I *»*«IIC««L. '<>yf-#m*9' t Hrn-jUiM& 
«r**-Cftl BOflllftl^, ^ l J4ro-;l.tt«Lfc**-C (»ff»*©lfia*r 
J:0**#l*) , 1 0 m I /hTOr U -trn -yWO«|ft (5 0«/'Jto-Ai: 
1 2ml/LOPTM l m/:tflJ) 4 0ml C/'JtD-;^# 

A0S*i4*-Cttl*£ft*: o r';*n-^«»0»T», / ?/-/KDWH ( 1 0 
0H>*/-it/lc 1 2 m l/LOPTM.tSD^feO) *tt 2 m l/hO«JW 
«*TWJteL.fc s 3l*M*y ^ >»-A.»|ft«ar*6m t /h So* 
/-/WtttttMSi 12-1 8>#W6m I /hi:«Mi»U Ki: 1 0 m I / h \zt$1ja 



WtHtttiMl Om ! /hjrHW*nfco 4 0 0ml 

B. ggfflg 

fcPMOtm (16ml^) (19il»XH«flLT«4rOI«M|l|)|«TII«4| 

^^WDHlLfco **Ott«H6 5 0 0 x gr 5»iVIJi^llUTr d^feitlt 

^y-yw**ou^/u*<ie«*n^. ±«*o/ ^y -/Hh-i^^y -;ma 

l*PorapakQ»9A(AI Itech) *«t<«ff^?o7 

oBfl*rofc»i=ii. «M««o i mi *v ^ ^ 0 7 *.-v+49mmo#n 

C. tt* 

1 it h/W»»4»0£. h'JX ( paa tor la ) p 1 3 O P E P4 t» 

«ft*ii«*oM*«oi*nTj«i»«««goaaffMss («/o *«it-r4 
;ii:^*)*i^-in/: fl *»o> ^y-^«*/<y^«B<om©p l 3t»o*t 
*Oi*IMert:l4. Bl«0 1 «;. y h^»l»OMOHJ_S_4 PEP4 »C + PA0 
A0 4H2 (if^gH_LS_4_afc^^^t/lBg|^^ C H I S 4 PEP4 
P. ^ b 'J X ( p a a t o r \ a ) *CS11 5 *»«fi»r* C ilC J: 9* 
OifWOI»mijefl:tit«Lfcl«^ ^. /^h'J^ ( p a a t o r i 5 ) 
O P_EP_4 *ao JtWUft^li PVE_P_4 1»0 **t iE*-T * C i *<* * #tfc.. 
*»«IV ; 1 'J v r^JM»rittt*ttfcP. ^hU(p»itori8)Q 
P E P 4 *Q:/a*Pga«*W«teOft»f 

P. <<X h 'J^ ( p a a t o r is ) P E P 4 Sfc^PWttfr P. h «; ^ 
( p a a t o r 1 a ) O^n ^«e«^«ettOtt(k*» o fcA^ -5 ^tttftr 
SfcO. PEP4 ». »pl3, feJ;t/ PEP4 Wt0 1 »; v h p 

A©M6*^»ett^jt«$n/c- cowKic*;t^Tii, 2^©itt,fc^rf 

K. ««««a7 (EGF ; *Mlttb»*3 2 3, 9 6 4 ^irie«t$ 
*rt MS 5 37 5 ^8IEGF»fO*W05 27i /tt^S 
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^Rtsn^^T) >*ihh^ (grf : ep 20s 7 8 3uc 

tt»ti-c:>4ri<tiH4-CftJiE*nfc) *<»i|+K P_E_P_4 .P, r * 
( pastor Is ) ftp 1 3Q1 U * £©latt***tE^7* a xd> 

*UCF H I $ 4 PEP 4 P. h «J X ( p a a t o r i s ) t*G + P 
AOS 0 4H2<Z>PI««'j: 1 «; ■* ^»**£c&»tt*ft*tt^:ruXitiTMi:: 

A. iBTgBaff»^P-7 hr?7-<' (HPLC) 

IKK^JitfP.. M X ( pastoris ) »<7>$6#*£«>:reixep<o 
EGFfc.*tfGRF^7^K©aWK«m*nfci5lgHPLC*li, Wa t e r 
s 600 (Bedford, MA) A. Waters <-*VU4 8 

1 Lambda M a x wj«**»i±ilf. Wl s p 7 1 0B*-h-f 
-fcitfSh I mid i u Chrom-P«ci»« (Co I « Scien 
tific.Moorepark, CA) T*4. PEP4 P.. jj * 

( pas tor i s) »pl 3*JsC TH I S 4 PEP 4 P. '<* h 'J X CP 
as tor I s ) WG+PAO804 H 2 ©JB»K J: 6 7"d XK*4li 0 . 1M U 
vSt^M?^. PH5. 0 T 1 : 1 0 I-**? 1 5 ^ 4 9 a U * h j I/O « 

iGRFrr««^2 8 5 ^1 CD**?7'a;JU:;*PftIi*4§*M"f ^*»"<- h *n 

h$h/:, 607-f?B'Jy h>i/<0EGFrf«»li2 4 0 m l©t«rB^ 

>SftftKMttJi«!*<r, Wa t e r s aBondapak C18ie«^9A 

0. 1 « MJ TA'JTuWa) <*>2 0«"r»ill««*45E<-i')^-7'^ K**? A 
**»UJ*ftfc« »»«A (0. 1 W r 'J 7/H-crBWJJ Jitetiii«(*4gE*f*« 

B. «* 



W ^ ¥6-506117 (35) 

0- lMU>tt*-MJ*2»*artt, pH5. 0. *lw**nT^**«K>EG 
FifcliGRF*±tf7*ia;***::**nTU*EGF*fcliG RFOHP LC# 
Urtlltnf^ny h ;T 9 /**ltR*-* - £ 1= J: 9 **6D'*7**- K [ PEP 4 
P.. h Ux ( pastoris ) <*£0»»r a xtfrfc J:tfP. j<x h 'J x 
( pas tor I a ) »G + PA08 0 4H2B7oA*T-f>* a '<-t'*h 

*©*MHPLC*5 2.-tl=fiM**ft*,> i*->T:. W^reo^^^F (EGFtfc 
liGRF) <0*a*a*Wr)t<OHP LC»«frifl)^a7 h^-J^tlt-^OR 

PX-T V* > a >KP*©li(|i^ E G F t G R F KG>«*Wl£ 

P E P 4 P_. h'U ( pastoris ) »IW7 , o7W 
hftn^-G RFfeiC;EGFKM^HPLC^Cl^< t s PE_P_4t*G + P 
AO 8 0 4 H20DJ6»tr^«7'oA4'T-f y + a ^Ur=«. 

<5**©2'J©'<^Ki«l»It»- 3 Tl'«:iW*n^ ttMUfti::. P_E 
P 4 P.. h 'J X ( pastoris ) ttcorDX4>©Ch^0^rf KO 

gaMftWOU^^i PEP 4 WOT" 0*3**9 *»*U< tt<^ (4WMGW 

^»Tfc >6 0«OGR Fa<M»T«fr ; 8«HVJO-f >4f*^->a > 
*rt>>9 0K***TaW) «, C*t P.. '<* h 'J X ( p a s t o 

r i s ) (O P EP4 Hc : fg«il^O^P x+<BJiaii'#W?Stt*a>tt>>*'.P 

XMEM V : P. /^b'Jz (pas tor i a) URA31£?Q»lli 

P.. ^xhU ( pastoris ) U R A 3 j* *»flM*CSH-2 
BtC pyr FggJ^ttW (*o?->>y~ U ^ It *7/t**+ 5 --fcrSteOXifeir 

tt^rs) *li£r*^o(lrl^"rr^^i K (YEp i 3) i:l-J<itl CP 



i eh I a ) f J u ^^^^Utp-plEl^jjn^. P. /<XMJX ( pas to 
r is ) URAa a&^tf^^y^'J-DNATigKigm^ns ->9>/u<-^< 

*»tt±-c<t»-c# csH-2fl©3 a-^tmnri ctiz*.*) <? u 

A. P. pastoris (P. /<XMX) YE p 1 3yMDNA^^r 

r^X; KYED13 [Broach*, Genefl.: 121-133 (19 
7 9) 1 li, S. cereviaiae CS. -te^tf S/J.) (2x/L/7"J3» 
fc E. coll (^»H) (pBR ori) ©Pi^O«tt«)jBBl*fttrfll^itt 
>+ h^^^^-ri'So YE p 1 3»i*»»©»HIS«<0»««T- 

i<:Jstf*««ttJ^-*-<i: LTfflt^^atiOLEUilfic^ (o-f O'^^^SEti 
Hfl£7) P. f- 'J * (BmNRRL Y- 1 1 4 3 0) 

DNA-wr^U-lis C reg zW&i&^X ^4^7 1- C Mo.l. Cell , 
Biol . 5.: 3376-3385 (1988)] > "/f ^ i KYBp 1 3tffl 

B. Lf R A 3 ilC^t"M^"'5 P . m XYE p 1 3^ ADN A?-f7? 'J 

p y r F tllftC SH-28 [Miller. J.H. . E x p e r I m e 
nts in Molecular Genetics. , Cold Spr In 
g Harbor Laboratory Preaa. — — 3— ^W. 3 — 

/^'^'Jy^-^- ( 1 9 7 2) *»JW«0Ci3 rtX-o^i/>-5' 

>W«iT4. S. * l/tfi>xURA 3 i^te^^T^liflil- fc't <5 py r F3? 
.«gEJl*fB?)ir# « - t<i*tt**lTV>* [Rose, M. , Cri ial i, 
P. fttf B o t s t e i n, D. . Gene 2 9 : 113-124 (1984) 
) . *n», ^«l(*CSH-28«oy r FSe«ffi«*fa«IT# 4 P . h 
'UURA3ae?tHttP, ^7hUYEpl3V;i.DNA7^7'J 



»K«»C SH-28 mibiV? i/^tfti^tMH^atJSMIiici^fc. s>^ 

ate) ±T»il«-C#4CSH-2 8«J5lli»«ffl (P. h «J xy V Z*-9 -< 
79 'J -DNACJ:-9 TISKHeIII) I*- 1 0 D N A x/g^HflTT? 

S KDNAt*«L/: c cn-i«7-?XJ F^lltt C S H - 2 8 
KflR*fc, 101O79X; K^dacD 1 OW^COMttsc!)^^ i//v«*tfetl«[«l 
at-C-imiL/:. P. ;<XhnYEpl3y/A^^75U-DNAi:j:«CS 
H-2 8^»KlE}m:j:-,T**Ufc»lR»KeBIIBBl»— ^{16. 8kb S 
p h 1 7*7/ > h**tr9. 0kb'f>t-htiR»t4. 6. 6kb Sp 
hl7?r>>ht* "ji:»lfrr4fcfti:pUC 1 9«s p h IflHfcKirT*? d 

-<D^»e»*ltl*^<0 7'^x S KDNA*S p h I <:j:-9-C7ll<t*-*> 0. 

e«r^o-xy;i/±o««*»ir»Lfc, DE8 i^<-*ffli<r6, 6k 

b7?/^l-**iU ;o^-'<-i>^iM NaCl 4 0 Oju Mw-fc-> 
r*djLfc, DNAli7xy-yt//?nn*;l/A 4 0 0 m MlJ: ^ TttttJ L, 
j.^ J -;W=i-> -eft* 6. 6 k b ^ ^ r> > h *r^* •/ 
7r*-*»*Sph l«ftpUC 19t»***t. c^»ft«ft«S*««rST: 
^■■MC 1 0 6 1 IB l&**$K*itft TVfcT^U 
HB*iWft3oi-DNA«)»#fi:Jior6. 6 k bS ph 1 7? 
ftlcMLT^^ Cfl)iE«IC7'-7XJ Klip PU20 liSW»7 

h" p P U 2 0 lt«^TCSH-28^tft»**t, CO/? 

c. -r?x; Kp PU2 0 l i:fc<*** v»-ho4»tt/b 

p PLT20 1 **^^»*i:J:-»-Cffl<t*lt, ±r47?ry ^htDNA« 
$3>fera-^"7*or-9i. (MapSor t ;0-fX3 ^i^^Tv* Genet 
ICS. 7-f^3>-»fH, tyy» *ffl^T»^fLT, 7?^/ > h<D7v» 
©t<Xt«)tT4:ii:i-,t, 77^iKpPU20l4»©P, /<xh«Jx 



DNA06. 6 k b-f ><t- b©*jm**Em»tflL<D*ftia (H5) tttKtLfco 
PPU20 1«>6. ekb* b UR A 3 afis^tiEmirM 

rftfcWU, pPU20 l«3*«HliM6«^ttt©5nETU3-l>*l«T^o 
- *Y VP _t-C<&«SK*«Hli:-»T - r o *;l/n C, t r 
op I ca 1 I » ( C. ho^'J^) URA3A«eTO»«tt«il. 3k 
b Bgl 1 £ > YK^^M^tt CPCT£**WO90/094 49 

**#IH05-<t) ,> 2 6«+^7 2 h\ 6xSSCs SxDenhardt* 
« % 2 0mM Trli'HCU pH8. 0« lnM EDTA, 0. IKK 

fi/*«itm9A (sds) acri o o // g/m i A*^t/» 
tttffl^r, 7*;i/*-*c*>:/o-yK2 7 , ci:fci>T'W?''; ? K»«Lfc. 

y^f) KJKfifeftfC. 7^^-*HSSC41XSDStfi|jl>T, MIC 
*^T. H3j*»IC^# 5~1 0#«*»*T. 33ft#L, IfcKO. 5xSSC 
tQ. 5KS DS**o>T, 4 5TCic*HT* 1 Eft**:^* 1 0 #M*>itT\ 

^ru* Kim**iifcKLfc. p p U2 o io*«ffcttwia3to«-!f>^^*P]i; 

^'J y KJB**7 9r> >htpPU201 co*4Blr ttoVLWU P PU 2 0 

1 <t>d)l]RA 3 it«**H 5 C^Ttfl 1 . 3k b N c o I - S a r 17?// 
> M::»tt<fcr*c£*5n*KLfc 0 :ftttt5:ii:J:^T,fti:«, P. '< 
* MJ *U R A 3il£^)Maefii*2** * *ic#144tT SAitoUal Ltz* 

PPU20 U Eco RV^ Ps t I £\ZJir>xmitZ-tt* URA31l£^ 

]_llB{li:*jia»ftt«-ti:J;it, K p P U 2 0 2 <H6) *JB 

5*L/.: B p PU 2 0 2 tfnfft. Sac ! , K p n I StCT E c o R I KJ:-7T 
*Ht**. XM (20 0* I ) KWW^tfactK-k^T, r?^iKpPU 

2 0 3, pPU205aVpPU206 (H7-9) 4r**lftLfc. *a-WfcP. 
-'<Xh'^y^i*W>-9--hDNA79r>> h*ffit/ICp PU2 0 2©pUC 



^-pEP 205 (pUC19EWi, pEP2 0 2^4M*h*-4BO 
bpBamH J 75/>> Mc^iti* PEP 4 ft* £ at &) i:?d 

-><t**fco ztili, DEP205OXbaI" Sph I«tt (H2#JR) «P 
K2kb Spc l- Sph l DNA757/ >ULtpPU20Sfr6OU 

7fX;KpPU2 0 5*S_p_e I £S_p_h_ I £ IS J: -»"C»<k* CCS* 
«A«5*0. 8«r^o-7y^±t««4^. URA3«te?t4t2kb 
DNA797y > htOE 8 l^-'<-**H*T Y/Vft* *A1 U W 

ML*:* ^-7^ i Kp E P 2 0 5 * Xb a I tS_ph I til* «*T?lHtS"tffc«, 
p PU 2 0 5**M&it£: 2 k b U R A3aS^*WS_p_e I - Sph I 7 
^ht Xbi l/ Sph 1MdEP2 0 5l=*8A*«** :Qft««ltffl 
i^^JilttMC 1 0 6 l*T>bT> »J >ft T>tr^'J > 

ittt^a^-*, BamH I/ Sph 1 MM a DN AC 2 . 7 k 

b, 0. 4kb, 1. 9 k bttlf7?/> ^ KOffSliHti^KfUi^T^? 

JE»ai«t*li p D R 4 2 1 fctl*:iEafttDNA*ia* 
ffi^ns Rtt^ti^L/: (BIO). 

2. IGF-l»mURA3 P. ^h'Mttt(lCF-U)gpDR4 

P. /<* MJ*«BURA3 IGF-lMtm, IGF-U, tpDR42 
HcJ:-9-C»KIEMl**X, P. ^<7h^<5PEP4, IGF-l»»m 

MS**. 

I GF-U<Plg£ 

5 - 7 o -?ro *■ >S* ( 5 - F O A) I** 9 >A^*#JSfe«lfcipM(*®»tt 
ChlJU r a J: TflHfc * *t* t # IS r *• 

U r a -Mmi** *> 1 >^frflJctt»li**-*©JR«HC*iC^rrn „ ? **x 

ftM-tff, CWf:tf>5 -FOAWtt-CASo Ctl4lS LT, Un'IWIiS- 
FOA*ft«L, 5- FOA»lf*J1l±T<i4#a«:tA<Ti<£^. 
5- FOAS**tt±TCMIW**liej«*j«*TJIKJ;^TU r a 



R¥6-506117 (M) 

tip PU2 0 2«P6E>w*x^OOttOMODNA<£)«fTi/xl»*tBnieicLft:. ifer 
5 KfcJfclZflUT* ^Mtt C S H - 2 8 *»JUE» * *T , **** 

a#ft<^p_y_^^j«M*«»-rft3Jn5*^«3eUfco w09ltIlipPU2O3 
£dPU205*«5>? ttV^**tt_hT P j L _rX*** <iJ> *** 5 ri«^ 
««MURA 3 itft** P PU2 0 8J±**i!ft.^£*imi,fc 0 C 

ft*«>»fc*UlIipPU2 0 ll=*fl*«P. /<* h U AURASitfi^Wttaff 
JA (mapped) M4-««r«. 

*tS<& Cpu t a t i v e) URA 3*6^***"* P. h 'J xyMD 
NA7?//> h«oif7^D-^tS anger ^fJT + >^m:i,T»iS 
WftSUt [SangertOProc. Natl. Acad. Sci. USA 
7j4: 5463-5467 (1977) «#|o: e ] . c©««ite?i^l 
0 0 b pW79 l/ + >^*Wto*Jiew*B73ffln*»i'T«-<Tr> E»H3 
IC«r« ?o-WfcP. '<* h 'J XURA 31^>^«li$n4 7 J v'alEW 
(E^J«4*#JW«0Ci) fi, S. ■HUbfyiURA3ilfe^*^rtllf*n4 
7i/«E?iJi0 7 3XfimtllU C. hot*i^CURA3AcURA3 

m y c e s 1 a c t i s ( ? p^f^p i -tr* 9^^^) U R A 3 itte^^ 6 
*»Sfti7i /KE^^<07 2X*B|S]£*-r6 ( , 

JWfflV I : tr^TOl GF-1MPEP4K* (PEP4*) al»g)»A 
A. aE^WUP C *SJGF-l»gPEP4 Ettg »^ 

1. P. ^AMJXPEP4a&Ttttt^??-pDK421<Pi?J* 
rtBtt P E P 4 P E P 4 ae^tJBJt* C t<= J: *> 12PEP4 

^T, tf*T HJX<DPEP4*J* CPEP4') ■« 

<7)IS*jrffltx*^«li<Dy-5 ^ i Kp DR4 2 1 t«J«Lfe. CW<^*-«PE 
P 4*66 ; r % CWKiB»*^*, CW«5t<iP. /<xh'J7CPEP4I«t«»I 
IEfmcffl^**Af=> PEP4BHCfc^TW3Ey/^^l*^LT, PEP4Jlfi 

««^? #-pDR4 2 l**Jlli*tf*fc*6K, tT*TC3URA3iie^*^ 



***fcl6«f>7»tttLTfflt>*Ct*<T#* im*\*. Boikel, Mo I. 
Gen. Genet. 1 97 :345-34B C1984) 1 0**0 - t] . 

I GF- lat&«#C+ I MB206Sl£DURA3«i||* [C 
UHfCIi. c;:i:*©±*K*iL>T#*x*£LrM&-r*. 1 99 0*9^ 
4 Bd3««AaKM«Stifc*a#fttiJ>iJ» 07/578, 72 8«#IW© Z 
i3 li, -?9>;H«165-FOA#*»* [0. 6 7«»OT*M. 2H»^, 
2«^3-^, 5-FOA 7 5 0mg/l <tO?i/^4 8mg/ I] 4s(CC 

x k vxcuRAaaufctitM-ract^T*^^-,^ 

b. I OF-U<P»»g* 

PDR4 2 l«!i2 0 g*BjJ_I H;*,T«<b**. iptpxvia^^^ 
Yl&ttHrtmiz** I GF-UWJBKIE»I=«L^. 6 B Wzt> 

tz 5 5 -> /U^ff ttTTitJi U ^ * *>5*C i , T»« L fc 0 

3. ^R»»Q*»tta 

U r a I J: -5 tt a o--*-/<- L/-f 

Jtfe**77»irJ:-pT, #yl/4f+S/^y^^— tfYfcttllMLTtffff Lfc. 

ra'»Ktii^3a»- Crtt#^> PEP4 + 30--t»*t«*^#ft 

lace) Cf»L, *rilll3D^-t#l=«rt*«L. 3t-^-UW»«rtt*fflu 

-*M+ 1 MB 2 0 6 S 1 

b. 1 U v h/Uftttfcl Q ') z t ^BcTtjj^P . h 'J 
^OIGF-IliaPEP4 8l«cDfE^ ^ I C F — 1 MU^»ff 
i. P ^mxP10F-imP EP41ftg>lti> 

Xinvi. a. 2. b. ira^fci-siuBiasnfcP. /<*mjx«igf 

—36— 



- 1»»PEP4«*. M+ lMB20 6Sl*yUto-^/<,t»l!lli, W 

-;Ur.fc£ 1 ') v h/i/Rflfci: 1 0 V v h /u«*K*^T;ii« fc. P. h 
GF-l*M*ffle>*£l CF-lft«U^tt«t4/: 

*m=, i cf- ii»e^»iiA<?v kjd4 3tr-±6 3tr-<"*n'€ , *i*tK p. 

/^h'JX©2*PEP41<* ) O+IMBZ04S14tC+IMB20 6S 

1 'J y MUgeBT'n h3-;^ 
2 U y (Biolifl t ta. r— >— W. h 

>) K*'J>tIifrtt 900m! <8 5«U>K 2 1 m L A- v-? A 2 H 

,o o. 9 a^. mm* 'J * a i4. 3«t, utT^y^Aii. 7g 

<b, *»Ht*7 'J * A 3. 2 ff) t ^'J -fcn->U3 0 g£<rflO*.-C. h 7 U 
-^»il/: f KH»C> PTM,ii (trace) • 5 

H.O 6|/K JWh'.OA 0, 0 8j/U««-7>^>'HjO 
3 8/ 1 , h 'J ?A • 2 H,0 0. 0. 0 

2 L ait^'Ol/ h 0. 5B/U*<tK» 2 0B/U*<t«» 2 
0g/lv«|W"»-H,O 6 5g/K k'tfi' 0. 2g/l,Sa« 
tt 5ml) 4m[«Rfflim> p K *«N H ,0 Hie J: T 5 KM 
pHUO. l^Struktol J 6 7 3ffl«3H <*ea*mH-*fc*CS0A 
5) *#C5 OKNH,OH<B»tol=J:oTaiinU^o 3 0 ^ Kit!* 

«WKt«ltlf t **U (feed) cDM*<Ott4t4i.fc •» 

2Xf 'J*D-^V*^ti'll*<t (buffered) YNB*T3 0TC*t' 
T-*l«««tf/:nni^^iitttMt/:. BlMli:OD,o, 2-8*"PC 
*Sl**fc»&*IBl&4 0-7 0m I 4r»«l^ ><* f-*t»* ( ff r ow t h r 
e g i me n) *^'Ho-^JBtt*n5tt 1 8-2 4KfM«^/=» *«M 

(5 0 ?« w/ v :T'J -frD-yu :/-5 * 12ml/L PTM,) tlOml/ 



(37) 

ttpHKK pH2, 8XlipH3. 5) Til. 7* 'J -bo 

Mt&ac* p H a > h b - 7 - ODttSA t UfB© p H<:M Uft. 4*IMI=« 

0t|& (1 0 9 J -fr PTM, 12tnl/L) t2ml/*(5 

**TMtt Uf=„ 3 *M<0 > ^ ^ -;Mft*&»K % 6 m 1 /HMC**&* 

C K*f UTli* Ufco > ? y 7 2*Mfc 

th) ^^y/utiBm^v^feHttWi i i Kic^fcji^KHii^tauTHitt 

5. 5 'J y h^BM-C* X0XKM <8 5 « 'J >* 42ml/l,J« 
■h)\,:y+}L> • 2H,0 1. 8g/UM«*'J?A 2 8. 6 «/ K StM^ 
r*>">A 23. 4g/K *»ffc*'J *A 6. Bg/1) 3. 5V?b* 
^'J*d-/^ 2 2 0 j 4 *tt/ 1 B U 7 h ^NHtM Ufc, »WH1*<J* 
«JL/c»U % PTMiMV 2 4m 1**1** P H * 2 8 W*BHtT 

Struktol / 6 7 3 © 5 «**©iSttl= i ^"CW» Lfc. »flNi3 Or 

«ttO*t3fe60«HtlCioTtt«O 2 OMBLhldtftlfi:. 2 W * cr->t, 
C;«ifftK«a9R«S CYNB ; KH,PO, 11. 5i/L, K.HPO, 2. 
6 6g/L, WftlXttS 6. 7 g/L. pH6) *r~**W*tffcffllS*> 

5 0 0-7 0 0m I *»«Ls '<v 1 8-2 4«*MMl»iS. »*B* 

(50«w/vyj*a-^ 12ml/L PTM,) tlOOml 



(100H>?^-/V 12rnl/L P TMi) * 2 0 m 1 /I*©* 

*8Eir4fe*Tft7 2*WII»U 7 2«lrMB4£M«a4R Lfc. 
U. P E P 4 1 G F - 1 gmftBIg 1 c F ~ 1 M ^ 
P. h '^<DttSliL#l CF- l#M*Ofc*T«ifeS#l**#3C«> I 

CF _ lo-^ii, KttAlCJ:-*T-»U*l**n*2ffl!a-tS>l C 

F - l^T-^^y >h*^flJE*N -ry?6<Aofc (n i eked) 

c**057??v > n* r cf - i9t=f-<OTi 9i£- % so>imVk±.v>'< 

*A I CP- l#^i:ltE4^cO»M Ctt«5ctt*frT-C. SDS-*'J7? 
iJ/1,7; h'r/l/««»ft (5DS-PAGE) UKr3L^TU«Wl 

^rer**©r, ^n^o«ii^»7uftftfrTTwietaHP lckj:-»t. *fc 

ilTfcttfcftT (r^C^^, W^tfy^ + Xf^ h-/KO*-5tta5c«ffl#<ET) 
T« S D S - P A G E C J; ct^Wt 4 C 4 *. - * i>&K~>tz IGF- 

r cf- i yB^tv^^^igJi 

«BJIB*^*^t-7'c^t;tHt'&^ v ^ KIGF-1 tHiEO (a u t h e n t 
i c) (9E£tt. EltlCl7r»7«*n/: % *>"7-ff» I GF-lOCitJEii 
«H P LCir J^TjMCLfc:. fflt^HP L C*li. C 1 8 *5 ic V 

ydic (0. 4 6 x 5 cm) *mW.:W*Ii. Jtfefl I V"C*E^ 

/zJ^irlTqUTA^ri., 1 >fi/««gE0 2 5 — 4 2»»ftfflt*?ii:lm < 

0 5R*Mti7^zy-^ (AUFS) »r4r y h »^:«fSfOf:*i:2 1 5 

P . /<Xh«JX 7o^*<0IiEIGF-i*t-/?i < A-7fclGF-li 



ror*imic7 r cix*e* : FortHteP. »* f ;xffl»«ti»*r*c tm^ 
yDAtftfti:tWT*-»fc, :nii, co^oxto. 2Sml 

iHt^nfc. C<D«»MWIC0. 2Mrp*i:i-,T»»U fti:0. 0 2 Ml> 
tt 2m I t^fllftStffc. -«0«M*#*ttL>farnx (1 ml) 
^Ai:tf9U, ;©rt7it0. 02Mi>M lmli:J:-»-Cft#Lfc. IGF 
-1*0. 02M Bt»^M;?A. pH5. 5. 75 7 1M NaC102 
m I ICioTfttfJUfc, »rtJ*O#tn<0 1 m 1 1**1 GF-1075 — 8 0««r 

t? + T-K^ IGF— 1 ©P'^ueojEacofctolc, 1 GF- 1 

(Amgen, *g7*/U-T*i, *-9X) * H P L C A 5 AKttA ?p 
t AO?tiCfcr-^T©ffi**»«OAo ffiWItHPL C AlcUffLfc 
[ GF - Itoa s J-Srf t/T ht«wti:J:.,T, tilpft»«-»fiR Lfc. H 

pLc^QTh^i. e-*T©BE«* i gf- i«acic*j|[r*/tfe<:«^ 

*«H»tt**qift«^^»lilL^ 0 tftt±J»*0. 05AUFS421 5nm(D 
h Lfc*#C «IW«»U*9 AjrttAL^ IGF - 1 ir-^^T 3 5 
OiH/iigT*^/:. c©flMB*/fl^T\ 2fc»iti/c7*cr^ ^>rvH4nrff 
*y*lE«I^'?**n^. I CF- l«*flC*s *>^«)H 

ici^oitfiT*-,^ C«D»H*tt*ffl^r, ~ ,?*<A-?rzl GF-11© 

GF-Ui^^A^JGF-l OIfr46N«fiftOif:«l# LT*»i-*. 

i i ) 2 t*zEM2££ 

UTPEP4 I GF- 1 »91««tcDl y « hyKttpH (pH 2. 8) 
«LT, PEP4 1 GF- lRSSItOlU y hvUttpHl&tt (-160-1 
9 0mg/L) (HiE =-v 9 K) IGF-1 



(~200-250mg/l) *Sfei*Lfc. * ttPEP 4ltt0^x^i 

«m=Jb*^T1ftdJ*rt/S. PEP4 !GF-lJfcM*s G + 1MB20 4S 
14tG+IMB2 0 6SliCDl'Nh;l/pH5. 0 »HlCtel*XI* I G F - 
UiMttirttadfUt*-,*:. ccott«ii, P E P 4 ■*<&«*K*^T*«fe 
£*i*llIE I GF-14lpH5. OlCfct>T 11***^:7 >>< fiWifHf 

fCBEL-T, ttP E P 4 IGF-1 ftM»M + 1MB 206S 1©1 'i » h/* 
pH5. OW»(m<tt2 00nigO*;7-IGF-l/I«l;, to 
*J8 OHrtHiE IGF-1 T?*-,fc. fit-, UPEP4 I GF- 1 MM* 
i*PEP4 I GF- imnmmztt-^X p H5. 0«£*I:t**jEI GF-IO 
*4l:«L/TtH:»fl*h, pH2. 8 *=*tf**iE I G F - iea£i:M L 

x**p&m * n/t i -5 1= 

l o : ; 7 bAgftsMl 

P. Axhn©fltPEP4 I GF-lP63!«t*Ol 0 'J x h^RBlUa, P 
E P 4 I GF - lRMftoi 0 U v hAM C— 1 7 Omj/ I ) J; 0 fc* 
tOft*y7-!CF-l (-2 0 0mg/I) *Sa*L-fc. 

»PEP4i»tPEP4l*o 1 0 ') •? h^»»i:fcl>TSi3*i5l8*; 
7- I CF-1 Olfitt ttPE P 4«*M + IMB206S1O10 

V * r^fcattUfci****,'^- ICF-lo76« (164mi/l) Ja±*< 
HiE IGF— IT* P E P4IHG+ I MB 2 0 4 S 1 4<Dl 0 'J 7 h 
4/«»iztelt*tt*/ I GF- 1©*t5 OK (88mg/l) eD**<KiE I 
CF-1 "C* -» tz a 

ttPE P4*»<0«Bir*f^««iaiR*liPE P4«»©H6»»^*^ 
««ISl4S4SJt 0 b-3 0«ffifr-,/:CT, HiE IGF— 1 ofHttSS 
P EP4M*o»*u^T»*i:a<k£ft/.:. s»P EP4flB«toft»i;te^* 

*m««U»<l£t>ft*t Lt, ttPE P4I^»l»^^flO«lfi**i^t^ 



J.E I (/ Xba [M3o--DNA0 7 }tffi:J;- J T7>^y'J ^ftao- 
-tx;iJ-_^/U 0 jEWttfrKM&'^-vt^rrsx * KlipDL3 2 
2±Sf*lTfc 0 

^pDL3 2 2tXbiIi:j:,-ct!)iU 10ng«C?45' -CTAG 
CCGCCG-S' ©*'J r**? U**- K'J >*- 1 0 n *«fcHjf***fc, CO 
U >*-liX_b_a I BttlUtfrShfcfcfcC Xb a I K*ON 
o_lI tJBfiSLA:. 9 ***mi»T, MC 1 06 lM«JB1hE*d 

^n-pDR60 l±pDR6 0 2<fc fctoC. kf*TURA33t 

S^*TCOJ:^irp DL3 2 3*»;JP AUfc, KpPU205 (HI 8 

#«) t Pvu I I £ A a t I CA-»TMJfc*-tt. *>2. Skb Pvu J I 7 5 
r> > h±<DVR A 3 it £5^ CeB»{tW*0. 87^n-xy^ 

±-C#**tffc 0 -~2. 5k b7J/> > h«DE8 1 ^-'<-*ISl<TW 
«iUU 7-5** KpDL323t Eco RV|:j:^W 

iiri^tlittffcUfc. £©f««tt{fc7*5X£ K(-10ng) tpDUao 
5 n OUR A3»W P v u I l75/>> r-£l*fcS-frT. *A*n*URA 3 

ae^oeiBjKtew ux, pDR6oupDR602tt»*u/: c*n*tu 

H12tl 3*#«<o::<t) . 

2. p D R 6 0 UpDR6 02fcCJ:ftI GF-U SjEUU^I 

URA3 IGF-1 »«P. h 'JXflM* I GF-U (*»«V I , A. 

2. a*#WcDCct) tpDR6 0UpDR6 0 2t^-iW**n/iDNAO 

PE P4i*fi^O-BB*3- Kt4DNAi:j:,T7^>?Sn'5URA3iie 

Tt-*WL/fc 0 :©75/>> ho^niiP EP4*e^io«i3ittwc:o7 5 

?A > HOPE P 4«ir*i^4lflii**««L/, ii&^ltm-r^V ht4Ufc. 
lt£Vy /.«p^«i>f*i©7^yy > h©Ctttt«i&*fe, 75^>> He** 
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ox*<iaiRsnfc (pe P4aB«o»»A^[HitRsn*»iii*^*/x^yax(D 

«l=Jt-*T) . C*llittPEP4»*OB**^o^»rGF"10i*b'<^0 
@<**<fer* (PEP4«»o#t»»N£IStt*n*#iBI GF- l«KJt-<T) . 

±!5«*fi. BPEP4 IGF-1 *9«m*WjE IGF-1 ©*£KH L 
t, PEP4 I OF-i«M*mrjt-cT. 

s. itfe^m>icj:s r GF-iiegiPEP 4-MWtoya^ 
1. p. ><* y 'Jxag^aa^y-p dr6 o i ^pdr6Q2q^ 

^?y-pDR601ipDR6024^ P E P 4itfc^ir J: 4rtHtt 
PEP 4*fi?otJ*i:i*«iPEP 4itfc*©*»K:.k*PEP4*m (P 
EP4-) ■t*0**irffl^fco -©^**-liTI2©J:5ie«I1»TJBaSl,fc 
CHI l©«H(,tl©ci) . 
PUC19BW4, pEP2 02^^©^o-^tP. /Uh >j^PEP41 
fi : F4*S**7 , 9XI KpEP30 1 (H3#«) t ^co l tc Jt -? TlHfi b, 

ai^DNA^i^y-^iwji^Ta:***, h«u *tt5£a* 

*a*l=****fc„ cio#«ft«kit«li-0. 5kb N c o I 7 7 r / > He* 
**i*PEP4*G?OF»J«iB»<r<ttiJ(IWlC»*L,fco DNAjB g 

_LI McJ:-»Tm<fc**, «OOUI7 , -5X5 K*««ttff:0* coDNA*ffli» 
T, AMHttMC 106 1 r^tf^'J >»tt3D--*«« 

LT, 3o^-DNA<oiBiM(«ft^»«ri:j;-,T, 0. 5kb Nco I 
79 r> > h©ffttir«ltx? y --^/L,/:. — 0. 5kb Nco 175 
7* > h***«t>XWPEP4iie^**^iElt^7 , 5Xi K«pDL32 1 
i*«t*A:a *27 , 5X; K, p UC 1 9XXI4, Sma I £ H i n c I I £K 
i^tpUCl 9*IMS*ii-. Wj»J»$ti-, Bam H I £ X b a I ggtfcftt:* 
'J v >^-iBW*-a»*Wir»*r*c^i=j:,T:»attUfco fttc, 7*9x1 Kp 

UC 1 9XX*S_a_c I ^ Eco R I t iz J: XVJ* U ~l0ng*pDL3 
21Q Sac 1/ Eco Rl 2, 2 Ic b7^ r> > h©~50 n gi«*3t 
cc075^> > h<iy/bMM*n« DE 3 J:^T9Kdn/:4 
03T*i*. IBM* L -j ?X*/Rt^TT, MC 1 0 6 H0tt*IB*(E» S -tfr. B_fi. 



PDR60 UpDRe02OW^ No t I t B » t E I I htZX-,xm<t 
***ZiHZX^X. *«tPEP4IE?©-«!t3- K^-*DNAICJ;,T 
75y^**l«URA3ite^*s^Bjt5jlglttDNA75r>>'h (-4. Ok 
b*4) M4b*n/i:DNA (20^g) tffl^T. W^xpr^ 

h^*jr-t-,Til«ti CF-u*»KKii**yt 0 WA**J:ir*mu, yep 

D**±K»rt»«Lfc»Htf****«bfcU r •*30^-t||li«r 1 

K« 4- - U < ^tt * X * A, 7* 7 - Y fgftiC H u X x 

3. gKK»»» ^DNAOiMf>7 > g^ h^/^ri 2 K»tf 
*«L/fcJ&HIEgtf*p*&Ho P f ma niWI n s t o nOT^jQE ( G e n e , 
S7_ : 267-272 (1987) 3 **H'T\ *f J L.D N A*JMIb*: fl 
^^ay^DNAt B a t E 1 I 1= J: o"C*<k*-*fc 0 CO»fJTt±pDR6 
0 1 X«pDR6 0 2<e>7 9 r> > holflii*«**#ti'P EPHO-»*i»ll 
*4t«, -©**<01f-f XI4 I GF-UOry A^^(0»»|6^fflDN 
AO*W/Ittii*t*t»flg-p*»4» *4fc*nfcDNAir»LT0. 8XTffo- 
xy^±T?««i*»*»»L/, - ho^VD-x7^^-{:;oDNAt7u ■» 
hUfc. :07Yj^-tP. f- 'J X P E P 4 afi^ O-Bf *f P E P 3 
0 lOttJttlftWabfcl, 4kb X_b_a_ I /£_coRV 757> >HcJ:->t> 
«l»7ytt*ffl^T, ^-fr'J v K««L/fc CM* n iatis, T. , Frit 
■ ch. E. F. Rtf S ambrook, J . Molecular C I on i 
n g . A Laboratory Manua 1 3 8 5 — 3 8 8H. Co LdS 
prina Harbor presa. *l-a-s-?>«, a-^K^y 
(1 9 8 2)3. /--fry K^fitli5 0«*^7 ; K, 6XS 
SC 5XOenh»rdt»», 2 0 mM Tris HCI, pH8. 0, 
lmM EDTA, 0. 1 H S D S Rtf 1 0 0 U 8 /m 1 ^yK^DNAtri 

ti^flt^TS 7Xjr*i»TiHiu/:« »i;7^v?-f 1 x ssc, o. ihs 

D S#X-3m ( lHOi*#lc-3# 1 O^RB) , ftlzO. 5xSSC, 0. IKS 
DS*T6 5Xirfct'T li»«ft*L/: 0 ttnmttm t UTIi> P. '<Xh'Jx 



—38— 



■ t*G S 1 1 5. PEP 4ft*„ i-DNA*C«5»lfflc**i>t. 

G s l i 5»^g>yy iPNA^ B s t i r it**/«<tii4. 4kb7^ry 
>h**feb, -niiycr-'rtp»cft*ti*PEP4ite : 3 :: «)-Bic^-fy'>i * k 

2 6 0 1-5 t I GFU2602-B4A^«0DNA®6. 9kb79^>>h 
':^<^'J» K»*tLfc 0 »^P E Paicit^T**v»*<XC!>«JM£i*l*P E 
P4MC6. 9tt4. 4kb) li, «OM««n(:UR A 31&?t«t«» 
Wtttt P E P 4 BS7£ J:«ltiPEP4 S £?Otf ft i-ft Lfc. 

Mt» IGFU2 60 1-5tIGFU26G2-5<ti<» 
te^attii i*«iBI* 1GF-UCPEP 4«&? 0«»4Cj:o-C^r-&«o 

frcPEP 4«t*o«r*6t«%*nyt. 

***ivi i ■ "pppouT* ^^»-^fflt ^PEP4bf#ra«tcDr gB fe 

1- P. h 'J Aitfe?m»^^^-pDLS2 1QM 
•pop-in/pop-out' ^j*UJ:*H^P E P 4 itft^<0«WlC J: 
*P, r (PEP 4) ■t*«0*a.i;, ^<?^-pDL 

5 2 ltffll'fc. /J>fc**a*/ttttPEP4ilE**»:£PEP 
4*Kttl*, P E P 4*^<i*«ttP E P 4 *£Ttl»*t4 (I-****,, po 
p — i n/pop-ou t ) » 

pDL5 2Ui2ISri&stO/;, tW]J:. pDL32 3<*>2. 2kb E c 
oRI/Sj_cl75^>hi, PPU205O2. 2kb Sic l/Ps 
J.l7?y^f«i, pUC1902. 7kb Eco RI/ Ps t I7?y> 
> h i*377FSjlSfc (three-way I ijition) i:ioT»^* 
rpfla^r^^ K% pDL 5 0 l^JBdcLfco :h^C375^>Hi 
c*«0J:7i:: LXWtzo P. /<^h^URA31S?*4< J , pPU2 0 5 (H8) 
*P_s_i I £ S a c I ^tcfc^Tyflffca-ri-fc., URA 3a£^*ftt/2. 2kb 

P s t I - Sac i7lf/> h*r/HHHtU D ES I ^-/<-*HH*-Ctt 
MUfc 0 *±PE P4iil£^*l=fcaT*0. 5kb N_c_o l 7^r/ 
^^^«PEP 4it£ : f m^XJ Kp DL3 2 3 (HI lffffi<0:O 
t Eco R I fc Sac l «t<" i^T»<t#^/c 0 XttPEP 4 t/2 . 



¥6-506117 (39) 

2 k b75ry ^ty****** DES I ^-'<-*-HH>TttiSL*o pU 
C 1 9*E_c_oR I ££±±1 £tzj:^xm<t*itt:« 3-7?7*>h CpUC 
19Q Eco RI/ Ps t I -M<t7?y* >b 0. 02^i, pPU205 
«2. 2kb P3tl/ Sac l79/>>h 0. Q2(ig, pOL323 
<32. 2kb Eco RI/ Sac I7?^y>h 0. 02*g)© = #R» 
*T*S&Stf* 0 ? *X*ffl(^T. *M*MC 1 0 8 l^SMft 

T>ti/'; >itt3o;-*Nco I «<t = * x- D N AO^fffc J: -» 
tX? 'J-->rLfc* IEWirttALy=7 5 ^h*pDL501 «t«tt*7fc. 
fti:pDL501t Sac 1 tcj: ^Tiflft**. * •> T^'J*^7r*-tf 
KJ:-»TMU 0. Q2ot Sac Ifflftp E P 2 0 2fr6*M3frfc i 
9kb iacJ7^^^hO. 0 2 * s ctt^Stf. D E 8 1 
^-CWllLfc, chlipDL50 1*OX»PEP4a£T<O3' 
PEP4 7?^^yrK«tJp*-C, P. ><X h 'J Xltt£ 1 GF -Ueo#KI£8l 
^ro^aatP E P 4*£?<^«£ftx.afc£tc£*iz£Batil3NE7ij*ff&EL 
COIIfti^Hllii^ *J»«*MC 1 0 6 1 T> 
tr>«J >Htt3 D _-i>bODNA*BilI I fcSpel «tir.fcoTflNt3** 
P E P 2 0 2fr£<P»ao S a c I 7 * $r> > h eo*Ffc*^rW*ffltt o. 8k b 

2 1 tfcf+ltfc (SI 1 4#«) . 

2. GS4-2g)pDL521 UJ;S3KgKft 

b. G B 4-2g>»$ 

p o p-o u t^a*XKJ:*P EPHttOfc^KW^i LT. P. h 'J 
^OURA3ttt^*r*of: tt ^i^ufcUlftLfcS - 7/V*d 
tttt (0. 6 7«RfttXttI. 2K**. 2KSOU3-X. 7 5 On* 5- 
FOA/iaO'48m« 9 1 ) Ctit^tin (general) H 

[sa p. <<x k «j xjtiHMics i i 5«i o«ma©a«ift*icj:-,Tu 

RA 3«»* 3 OtKfctf* lifififlco-o**^- ¥ 
fi±rH»U/:3Bi-t*iL/: ft lOH i s -Ur a -■«*G S 4 - 2 «t* 

f+<t/Co 



b. G S 4-2^H£tt^PE P 4M*giftai 
7*?Xi h'pDL52 l*No_tJ IC^iflKbCi^TEWttfbUfc. PEP 

No t I BttiKI+S. No t 17?/; > hcrjfflaiwGS 4 - 2fflrtEat*P 
EP4«fif©EWi:fi|8lT*'J, COCfcliPE p 4ftK*t*44BAttl&ft*. 

Hi s'Ura BtttG S4-2t, X7 id79X h^Slw«-,T % No t I 
ICJ:5flftCJ:o'CIEIitt^L,^pDL 5 2 1 2 0 a* ff tz J: o TfBJHlsft 4 * 

Lfc (X««VI. B. 3 ^X^ZXl O y^DNAt Sai I(zJ:-,-CW 
«U 0. 8 9<T^a-xy^±-C«JH*»**{j-$il-fc. CCDDNA h n 
<t\*9-\zms* PEP4I&?OttMttMl. 2kb E c o 
RV/ Xb a I 7?^> > MC^-jTW^Jto y;ADNA«Jt1f>7'D v h^^ 
7*«J y Kft'«*->C»-rfl*-C* PE P4ttlC«iitnA:pDL 5 2 1*W"T 
4J:7l=*A*2B». GS4-2S2 l-3iGS4 -25 2 l-4«t*** 

u«iRr*/i«>i^ii/t-« a :n^oi»itcjR a 3 ^-a-Jte^ta* c 

0^-^-il£^O^|Ki;ii««0. ^PEPlSTtWl. (ft^OWiCtt 
X»PEP4it£^ 5kb«-X<) trW-T*. COJF^OOPEP 

4 Kit P E P 4 iiSTO 2 =i tf-<Offl«ll»A*wrttl= U PE Pite^OT-^ 

iURA Silent «o ift**^r« <rnr*?^. pop-out). :o2«^ 
P E P 4iif£ : F<0 tortus -^t>c^««|*-<^> f^*^lft«r* (be ev 

1 c t ed) ^i*<-rt«. 2aPEP4 J ie?IUlOffi»*.3&<fer4^<!:'7 6>. 
*/;H»»^r6/>>-tStttr4fcai>lc, IfliCS 4- 2 5 2 1 - 34GS4-2 5 

2 l-4£*5-FOA**t;YPDigltft±-C*«l 0 R#*7*ttT** 

U r a BttCD^^S -FOA©ff3TT<t«L„ t*^.T, ;<0J:^if ftSTO 

*««^^8atoiflMi*<N> hcR^t-jHiEr*. s-FOA^wttflfi-citwr-a 

C<h*<-C#«M*liP E P 4*e^«0 2 3 tr—flfl£>tfl flirt- K ^ t»4t4 7 ^? 



F OA*W¥K_hKtb*lO*: : ;h^3qr-cit»©l 0 3Bi-tiGS4- 

2 5 2 1 - 3*£»»*ftfcfa©-C*0. c#i^CD3ar--co^CD i 4j b -- 
I4GS 4 -2 5 2 l-4^^»#*nfcl>«)T**. 

3. maiagattib 

Ur a-«H£**3Hi-«l 4 =» cr^--*f»»|| »^^yMDNA 

^Ji-cmSl*»t-*^$*. ^ho-tr^D-xije-ro., h P. 
PEP4iifi^Ott«tt«*l. 2kb Xb a l/ Eco RV7jyy>hi: 
J:-»T/W7*'J , KBflRL/Co ^©i?CLt»#fLA:l 4 *m*O4»0 7 mm 
***«DDN AI±»*P E P 4»feT»C#qt-i-*-0. 5 kbOE^^ 
»PE P 4*e^^>'i>flftSPEP4l*«t-*-*-4^y y KffcT-OTM 
*WLyi« ;ti"»OBII»o4ic5 2«^CS 4-2 5 2 l-3/7tGS4-25 
2l-4/lT*,fc, 

**«v iii: p. /<* h u xcppRB- i ifs^g)- agg?^ p-^>y 

^or-ft-tf Bitted- h PRB-lJiS. -bl^t*^iJC*il*5«l8-by >x 
>K7*of7-tf*3-Kt5 [Moehl eH, Mol. £e_M B i o . 
X; 4390-4399 (1987)]- d< V S ^~ \f* 

mBUZ (PCR) ilETit«7?tt*ffl^xP. r «;x,6^?o->ftLt CM 

Gouldf, Proc, Natl. Acad. 5c i. US A g 6 : 1 
934-1938 (1 98 9) MflUDCi:] . «±*|:|l»*n4. 7*o^< 
*-«tfB ^ FfiPRB - lii£TR?ii^«3»|SJtt*1ir 

^7 Vrt-f- K(Moehlef, ±CXlK) *P. '<7h'UPR 
B - 1 DNA©P CRWHz-fU T-<tL-Cffli.>4fc*!>IC^I* L/c tf 

* U ^7 ? L/*^ K 1 : 

A A AO 

3 - CATACAATTCTGCAC GQT AAT OCT CAT CCT ACT CAT TOT CC-3 « 

CCCCCCCC 
A 

* »J ^7 9 K 2 : 
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CA A A A 

5'- GATCCCATCC AAT CCT CCA ACA TCT CCA CAT CCC AT- J • 

c c a a a q ctc 

^•;z/7^U'^f-K lTli Pt t I fc Eco R I OWttt. 

PCRK***B<iT. E. ClOmM Tris HCMmM EDTA) 
2m1*©P. h 'J X CNR R L Y-11430*) f J £*DN A 
1 0 0 n gt, *'J i/? * K 1 1 0 u I *'J =r* *r u*+ y 2 

lO^lix dCTP. dCTP. d A T P&t/d T T Y<0 1 . 2 5 mM»* 
16uli, 10x»ff«{500mM KCUlQOmM Tris-HC 
I « p H 8. 3> 1 5mM MgCl,) lOwIt, 0. 1 H*7*y±^ * 
7 0tf I i, B*tt//« 1 Tag DNA^U 0. 5 *i 1 &flJtfi 

<>«ri>^t. ***9 4t:ic**^x2»IWIttJftLft. 3 lBKt**ta* P C R 
*aSJCU9 6 "CI=*Jit S 2#IHI«&tttti:, 5 OTICfclJ* 1 ^JlOT-- "J > 

roP C RO*BK«5*T/f D-xy/U±«>atMj*«lC<*U. * *) zf ? 9 U*f- 

k 1 1 2K*rfcir*tt«Hi©PRB - iite^^*t«^flt«ucT®*n4-*-< 

X C~5 0 0 b p) >h*DE81 ^-^-i-Cidli**, Ec o l 

£S_p_h I £irj:->T«ft3ii\ r^a-^^/u±©^5n«c|tric*t^ a 5 00 
b97?/^KrDE8 1'<-'<-t:i-,T*IIS*. pUC19 lOnff 
tztt&tittz* :«p UC 1 914* 'J 'J ^-tT E c c I £ S p h I iiu, 

mc i o 6 lmnGi&nnmtittc. r^tr^'j >*m©ff5«fcm***£>wrci 

UXmit-f* X i KDNAtMttS 0 0 b p Ec o I — S p h I 
H0ffai:MLt^ffrL/: o 1 jo — -«D*A<p p R B P P±£ttl*«?n*: s jE 

pPRBPPCitnSP. '^F'JXPRB- I ilfeT^C 7 o — >ftKJr<D 



0-~DN AKJ»<FfJ-i 'J --^O*:,, jEWtt:r?Xi K*pDR9 

1 1 iSWttfc CHI 5*IR) o 

B. GB4-2QpDR 9 ;ii:^^ 

P. '<^h'Jx«PRB-ltl»tJBttr*fc>it, Bal l Hrj:*iP|<tir 
J:-»Ti»Klttft*nJtpDR9 1 1 J- ***** 7 * o 9 X h»H«»lC J: 
GS4-2*^jr«5ffl***wi*<T#4o U r * 'JBMIiiHt** £©DN 
A©*«f >7d x h^-C^'J * Kffcii, PRB-ll^aWIU^t^jfM 
PRB- l«t*«>Slffi**r»Blct,fc 0 JBKlE**<orc»*>-r *-~tfB*tt#*r 
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EWttl : 

(A) CM0ft£ : 2 03 2«I» 
CB) £*1<8B: «■ 
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Cxi) EW : EI«Sf 1 : 

SMT7CATAA 1QBTOMSMTT JWJCTAATCCT CCCCAATACC MTACTOQTT TCOOCCCATT >0 

AATCCCACCT CCCTTATXTC CTHACTJICCT T0ACCOATAA OOTOaCAACT ATTTACMCA 120 

AACCAASCCA CCTTTCTTTA TCTOTAACTC TflTCBAADCA A6CATCTTTA CTAOAOAACA W 

TCT AAA CCA T TTTACATTCT KCMCTTCCAT TTCTCAATTA CTB A TAATCA ATTTAAAfl 331 

ATO ATA TTT CAC CCT ACT HCO *TC TCA ATT CCC ATT OCT TTO CTC TCT 
H«t IJ« Ph* A ap Oly Thr TAr K«t ««r J L« Ala 31« qly L*o L-u ««r 
1 • JO 11 

ACT CTA CCT ATT OCT CCT «AA OCC AAA CTT CAT TCT CCT AAC AT* CAC J)« 
Thr r*u Cly fla eiy Ala Cl« *la Ly* Val Ri.« tmt Ala Lya II* Hta 

ao as io 

AAC CAT CCA CTC TCA CAA ACT TTA AAA CAC CCC AAT TTT OOC CAC TAT 312 
uy Mia Pre v«l car ciu Th* Lau Lya ciu Ala A an Ph« Cly C&n Tyr 
«S 4D «| 

BTC TCT CCT CTC SM CAT AAA TAT CTT TCT CTC TTC AAC CAA CAA AAT 4 30 

Val Jar Ala Lau Ciu ML* Ly* Tyv v # i « #r L «u PX> Aan Ciu Sin Aan 
•0 IS »o 

CCT TTC TCC AAC TCC AAT TTT ATC TCT CAC CAA CAT CCT TTT CCC CTT HO 
Ala Law lar Lya car Aan Ph* Mat far Cln Oln A»p «iy Ph« Ala Val 
■» TO 1% Cfl 



—40— 



CAA OCT TCO CAT CAT OCT CCA CTT ACA AAC TAT CTT AAC OCT CAO TAT ... 
Clu Ala Sar HI. X.p Alt Fro Lav TT,r A.n Tyr 1m Ami Al* Oln Tyr 
•I »o ts 

TTT ACT CAC OTA TCA TTA OCT ACC CCT CCA CAA TCO TTC MO OTO ATT | Ta 
Pha Thr OLy Val Bar l*u oly Thr Pro Pre ei« B.r Ph. Lya v.l xia 
1« 10S 110 

CTT OAe ACA OCA TCC TCC MT TTA TOO CTT CCT AOC AAA OAT TOT OOA 123 
L*u Amp Thr eiy Mr Oar Aan Im Try val Pro »*r Ly* Aap Cyi oir 
130 J2» 

TCA TTA OCT TOC TTO TTO CAT OCT AAO TAT OAC CAT OAT 0AO TCT TCT 47Q 
s.r Ala Cy. Pha Lwi nl. juo Lya Tyr A.p mi a*p oly Sar B*r 
ISO 131 i.O 

ACT TAT AAC AAC AAT COT AOT ACC TTT CAA ATT AOC TAT CCA tCC OCT 71* 
Thr Tyr Ly> Lya Am Cly Sar Sar PA* Oly II. Ax? Tyr Cly Bar air 

«» iso us ]«e 

TCC ATC OAA COG TAT CTT TCT CAO OAT CTO" TTO CAA ATT OOO OAT TTO 7 41 

Sa r *a* Clu Oly Tyr V.l B.r Cln A.p val Lau Oln 11* oly Aap L*ti 
1" 170 171 

ACC ATT CCC AAA CTT CAT TTT CCT CAC OCC ACA TCO OAC CCO OOO TTO 114 
Thr I La Pro Lya V»l Aip Pha Alt Clu Ala Thr **r Clu Pro Cly Lou 

lie 111 i«o 

CCC TTC OCT TTT CCC AAA TTT OAC OOA ATT TTC GOO CTT OCT TAT OAT f A3 

All Pha All Pha CLy Lya Pha Aap Cly Ha Lay Sly L*u Ala Tyr Kmp 
11* J00 20% 

TCA ATA TCA CTA AAT AAC ATT OTT CCT CCA ATT TAC AAO OCT TTO CAA no 
far tl« Car Val Am Ly. II. v.I Fro Pro 1 1. Tyr Ly. Ala Lm clu 

J io 213 ajo 

TTA CAT CTC CTT CAC CAA CCA AAA TTT OCC TTC TAC TTC GOO OAT A CO fU 
Lau Asp L.u L.u A.p Clu Pro Ly. Pha Al* pha Tyr Lau Cly A.p Thr 
«s «o jj« 2 , 0 

CAC AAA CAT OAA TCC CAT CCC CCT TTS- Sec ACA TTT OOT CCT CTO OAC 1004 
A-p Lya A.p clu lir A.p cly Cly L.u Ala Thr Pha Cly cly Val A.p 

i«« 2So ass 

AAA TCT AAC TAT CAA CCA AAC ATC ACC TOC TTC CCT CTC ACA ACA AAO 1014 
Ly. Bar Ly. Tyr Clu cly Ly. I la Thr Trp L*u Pro V.I Mr« Xig Lya 
?*0 J«» 370 

OCT TAC TCC OAC CTC TCT TTT CAT COT CTA OCT TTC BOA TCC CAA TAT UOJ 

Ala Tyr Trp clu v»i *«r pha A.p cjy v*i Cly l.u cly in olu Tyr 

3 7* 2*0 HI 

OCT CAA TTO CAA AAA ACT OCT CCA CCC ATe OAC ACT OCA ACC TCA TTO J1J0 
AU Cly L.u Oln Lya Thr Cly Ala Al* Urn A.p Thr Cly Thr lie Lau 
2PO 2ft J00 
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AT* OCT TTO CCC AOT OOC CTA OCT OAA ATT CTO AAT OCA OAA ATT OCT U>« 
tl. Ala La. Pro Bar oly Lat» Ala Old Xla Lag aip. Ala elu 11. oly 
»» Jio Jif 330 

OCT ACC AAO COT TOO TCT OCT CAA TAC OCT OTO OAC TOT OAC ACT ACA 134* 
Ala Thr Lya cly Trp Sar C ly cm Tyr Ala VA1 A*p cya A.p Thr Ar, 

aai no j3i 

OAC TCT TTO CCA CAC TTA ACT TTA ACC TTC OCC OCT TAC AAC TTT ACC lit* 
Aip lar Lau Pre Aap Lay Thr Lay Thr Pha AU Oly Tyr Aan Pha Thr 
MO Ml 3 SO 

ATT ACT CCA TAT OA e TAT ACT TTC CAO OTT TCT OOO TCA TOT ATT AOT 134 X 

XI* Thr Pro Tyr A.p Tyr Thr Lau clo val s*r oly Mr cya 11* B.r 
JH Ml 

OCT TTC ACC CCC ATC CAC TTT CCT OAA CCA ATA OCT CCT TTC CCA ATC 1J10 
Ala Pha Thr Pro Mat Aap PA. Pro Olu Pre XL Cly Pr» Lou Ala XI* 
"° 31S 3«S 

ATT OCT CAC TCC TTC TTO AOA AAA TAT TAC TCA CTT TAT OAC CTA CCC 143* 
11a Oly Aap oar Pha Lou Are Ly- Tyr Tyr Car Val Tyr Aap L-h «y 
«* MO 3I« *00 

AAA CAT OCA CTA OCT TTA OCC AAO TCT ATT TAOCCAACAA TAAAACTTOC 1400 
Lya Aap Ala Val Cly L«a Ala Lya «ar Zla 
•01 410 

TCAOCTOAAk TTATTTOOTT ACTTATCAOO TAOTOAAOAT OT AC A© AAT A TATOTTTAOC 1T4B 

TATTrrrrTT TACTTTTTCT CCTATAACTC ATCTTCACTA CCTCATTOCT TCTCACCTAC 1»C. 

CTTCACACCC OeoCATAACT B ATATCOT OT A CTC « CAA T CAAOATTTCC CTCCTCCATT 1444 

C ATAABCCTA TAACACACCC ACCTOCTCCT CTTTAAAATT CTCTCTTAAC TG TTC TO AAA 172* 

ATCATCTTCC VAC C AAA TTC CACTTTAAAT CTATCCCCTT CCTAACTAAA CC TATCTCAT nil 

GGTGCTATAT ACTTTTTCAT TTT AC C I I T I ACTAATCAOT TTTAcAOAAO AOCAACBTCT 144* 

TTCTCAACAT CCAAATACCA CTAAATACTC C AS ACC ATCC OCT CCTTATT TCCCTCAAAC 1104 

CCACTCCGCT ACAOTAAOOO AAOACTATTC CSATCATOCA CATGCTTCCt CTO CTTTT CC Haa 

TTTTOAOCAA TCT C A TTT 3 A CAACTTATCO CTSeGOACAC CATCBACXW CTCCACTCTC 2030 

ACAC aoJ2 
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1 " IS 
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20 « JO 

Ly. Hi. p,q v.l •., oiu Thr Lag Ly. cii. Ala *.„ ph. a iy cin 

,S « 41 

v*l »mt Ala Lav ci« Kli Lya Tyr v.l Par tm, Pha Aan Olo gin Aon 



Ala Lay sar Lya t 



' Pha Ala Val 



CIj Ala lar Kia Aap Ala Pro I 



» Thr Aan Tyr Lav Aan Al4 Oln ryr 



Ph. Thr Olu v.l swe Lau cly Thr rro Pro Oln Bar Pha Lya val II. 
too 101 A10 

L.u Aap Thr Cly Bar Sar Aan L*v Trp val Pre l.r Ly. Aap cy. Oly 
*!■ 1J0 33j 

lar L.o Ala Cyi Pha L- 0 Ml. Ala Ly. Tyr Aap Ml. A.p olo Bar B.r 

lJ0 "* 140 

Thr Tyr Ly. Ly. Aan oly Bar lar Pha ci u Ua Aro Tyr Oly Bar cly 
" ! 1" lis lt l 

■ •r ««t Clu ciy Tyr Val Bar Cln A.p v.l Lav Oln Ua Oly A.p L*v 

1T0 171 

Thr Ua Pr|> Ly , V4l hwjf ^ klm n| ^ w> Fm 
lB0 110 

M. Pha Al. Pha Cly Ly. Ph. A.p Oly Zla L.» Cly L.u Ala Tyr A.p 
**' IOC 301 



Bar Zla B.r V.l Aan x. r a Xla Val p** pro 11a Tyr Lya Al. La. olu 
310 311 220 

Lay A.p Lay Lan Aap oly Pra Lya pha Ala Pha Tyr Lay Oly A.p Thr 
221 420 331 a«0 

A.p Lya Aap Olu tmr A.p Oly Oly Lay Ala Thr Pha Oly Oly Val Aap 
24S 2S0 SIS 

Lya Bar Ly. Tyr clu Oly Ly* Zl* Thr Trp L*u Pro VbI Ar« Arc Ly* 

3*0 3*1 270 



Al. ciu Lay Oln Lya Thr Cly Al. Al. 31. A.p Thr Cly Thr Bar Lau 
3S0 2BS 3DO 

!1« Ala Lav Pro Bar cly Uu Al. Olu Zla L.u A*n Ala Olu Xla Oly 
301 Jio 3H 3*0 

Ala Thr Lya Cly Trp B.r Cly Oln Tyr Ala Val Arp fiya Aap Thr A*cj 

SXS 320 J3S 

Aap sar Lay Pro Aap Lau Thr Lau Thr Pha Ala Oly Tyr Aan Ph. Thr 
340 341 3S0 

Xla Thr pro Tyr Aap Tyr Thr Lau Olu Val Sar Cly Bar Cya tla Bar 
319 340 3S1 

Ala Pha Thr Pro Kat Aip Pha Pro Olu Pra Xla Oly Pro Loa Ala Zla 
270 3-JS jpo 

Xlo cly A.p lar Ph. Lau Arc Ly. Tyr Tyr B.r Val Tyr A.p L*u Oly 
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Lya Aap Ala val Oly Lau Ala Ly. Bar Zla 
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en*4 3 : 

( t ) K«w«» : 

(A) EHOJt* : 2 6 8 BMW 
(B> CfWB : ttm 
CO HOlt : 

(D) H«Bi!-:7?! 
(A) EnnlX: eDKA 
CU) ««: 

(A) «i^ariEt : cds 

(B> : 6 4 3. . 1 4 3 1 

( B ) ffffi&B : 6 4 3, . 1 4 3 1 

CTCCACAAAT OOOCAOATAA CCACCTTTCA COAATT3ACT AAACTTCTAC ACATCATOTT 
TACAAATCCC A TCA T CT ATA ACG ATO AAO A CAOTCATCTT TCCAACCTAA COATTOAAAT 
OATOCAAGAA ACT ACTAAfi A TTATAOACCT OITCMMV AOTCTBCATT MTCCTOaAC 
AATCAACTTT ATCTACAAAA ATATOOCOTr AACOTCTTAO CTCTTOCATC ataaottcot 



TGTTOATOCA 




TTACAAGTCA ACTTGTTACA TCTAAAAtCA TTCACACAOT 



; rcT c icr c TT i 

AACAAAAAAO TTTTTTOQAC CCTACACOTC OCACCTATCC TTCOCATTCA TCCACT CT AA 

TCAGTTAACA TCAACCTOAT CAAACCCATA C AT ACCfAO A CA A TO BCT CCC AOT 

Nat Ala Ax? Car 



TAT CCC CAB ACA CCA AAT ACT CAT CAA TCA OCT CTO CCA CCA MA CTO 
Tyr Ala Clu AX« Ala Ann Thr HI* Cln Car Pro Val Ma Axfl Arc; Lau 



rrr cca ctt atc caa cao aaa cao act aac cta tcc oca tca otc cac 

»h« Ala L»u Hat Clw OIn Lf a Oln Aio Lau Cy ■ Al« a-r Vnl Aap 



120 
IN 
I«0 



■GO 
• 14 



OT8 ACA ACA ACT AAA CAA TTA TTO OAS CTT CTA CAT AAA TTO OOC CCA 
Val Axg Thr Thr Lya Cln Lau Lau Olu Lau Lau Aap Lya Lau Cly rto 
*0 II » 

TTT ATC TOT TTO CCC AAA ACT CAT ATC CAC ATA ATT CAT OAC TTO A CO 
aha I la Cya Leu Ala Lya Thr Hla 11* Aap 11a lie A*P Aap Pha Thr 
Bl to IS 

TAT OAT CCA ACT ATT CTO OCT TTA TTO 4AA CTA TCA AAO AAA CAC AAO 
Ty* Aap Clr Tlia 11a Lau »t» Lau Lau Olu Lau Car Lya Lya Hi a lya 
70 Tt CO 

TTT TTA ATT TTT OAO OAC AC* AAO TTT OCT OAT ATA OOC AAC ACT CTC 
rh* La a 11a Pha olu Aap Arg Lya ?ha Ala Aap Ila oiy Aan Thr Val 
• I 10 OA lOO 

AAO CAT CAA TAT CAA CCA GOT OTC TAC AAO ATT OCA CAA TOC OCA OAT 
Ly- HLa Ola Tyr OlA Oly Olr Val Tyr Lya lla Ala Cln Try Ala Aap 
101 110 111 

ATT ACA AAT OCT CAT OCT CTC ATT OCT AOT CCA ATT CTA AAO OCT CTA 
Zl« Thr Aan Ala Ola Oly Val Ila Oly car Oly 11* Val tyn Oly Lau 
120 111 110 

AAO CAO CCA CCC ACT OAO ACA ACA OAT CAA CCA AGO OCA CTA TTO ATC 
Lya Olu Ala Ala Thr Olv Thr Thr Aap oln Pro Are; Oly Lau Lea Hat 
111 1«G 141 

TTO OCT OAA CTC TOO TCA AAC CCA TCA ATT CCC CAT GOT AAO TAC ACC 
Lau Ala Clu Leu oar car Lya Oly Car 11- AlA MLe Oly Lya Ty* Thr 
1*0 l» ICO 

OAA BAA ACT OTA OAA ATT OCA AAA TCA OAC AAO OAA TTC CTC ATT OOC 
Olu oiu Thr val Olu lla Ala Lya far Aap Lya Clu Ph* v.i n« oiy 
US 170 17S ICO 

TTT ATT OCT CAA AAT TCT AIO CCA OCA CAA OAT OAA CCC TTC OUT TOO 
•ha lla Ala Oln Aan Car Hat oly cly Cln Aap Olu Oly Ph- Aap Trp 

in 1*0 in 

ATT ATT ATC ACA CCA OCT OTT COT TTO OAT CAC ACT COT CAT OCT CTA 
lie lie hat Thr *ra Oly val oiy Leu Aap Aap The Oly Aap Ala L-u 
aoo 101 210 

OOC CAA CAA TAT CttA ACA cTfl AOT CAA CTA TTT TCC ACT CCC ACT CAC 
Cly Oln cln Tyr Arc The Val Car Oln Val Pha Oar The oly Thr Aap 
ail 210 221 

ATC ATA ATC CTA OCT CC7 OCT TTO TTT OOC AAO OOC ACA CAT CCC TTA 
lla 11* ila Val Cly Arc Oly Lau rha Cly Lya Oly Are Aap Pro Lau 
110 291 240 

AAA CAA COT CAA COO TAT ACA AAA OCT OOO 700 OAA OCT TAC CAA AAT 
Lya Ola Oly Clu Arq Tyr Are Lya Ala Cly Trp Cly Ala Tyr Oln Aan 
241 310 Ml 210 

ATT CTO AOO TAAATTACAA OTATOTACA6 POCATCAATT OTTTCOOOCO 



TCTAAOTATO ATCOCTAATA TAOAl 
AAAATATCCA ACBGTTCCAX 



TCTATTOACT OAACTTTACA 



TTCATCCTAT 



TACCCACCAA 
AACTTBTCAT 



OATAAATACO 



CAATTCTCTC CATAOTOTTC TCOOTTATCC TCTAACCTCT ATTCTTAATO 
TTC T 6 AAA T A TAtAOCAAAO CATOTCCTTT CTTTOACCAO ACTCAAOOAO 
ATACCCCCAC AAAACCACTA OTTTTTACTT TATCAAOACC CXAAATCCAT 
TCTTOCCCCC AATAATCTQO 0A04CATTA0 ATCOOOCATA TATTOCATCA 
CTACCAATOA CTOCCCAOCT CCACCTAOAA ACCCAOCTCO AAATACATCC 
CATTTOCTAT COAT CT O C C t: TCTTOACCOT CACTATATOA CTOCAAACAT 
TTCTCTAAAG TACAATTCCC ATCACACAAT TOCCTACCAA T00TOOCAOO 



TTTCAOTCCA AAATCCCCTO TAAOCTTTAC CTTTCAAATO ACCTCCAAAO AACATCBOTA 



TT DC ACT AC A ACACCTCTOA TCCCACCTCT 
OCT AAC AC T A CC CTTTTT AO AATCATCCTT 
ACACTTCATA OA00ATCAOA OOOCAATTOA 



CCTCTCTCTA TATOrATTTA 



llfl 
1111 
1711 
1171 

nil 
nil 

mi 

2011 
2071 
1121 
2111 
2211 
2211 
3171 
1411 
34P1 
2112 
3C31 
2171 
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Kat Ala Arg Car Tyr Ala Olu Ara Ala Aan Thr Mia Oln Car » r « Val 
1 * 10 II 

Ala Axo Arc Lav Pha Ala Lau Mat Olu Cln Lya Oln Car Aan Lau Cya 
20 J| JO 

Ala far Val Aap Val Ar«j Thr Thr Lya elu Lau Lau Olu Lam Lau Aap 
J! 40 

Lyi in Cly pro Pha 11* cya Lao Ala Lya Thr Mia Xla Aap lla Xla 
■0 II CO 

Aap Aap Pha Thr Tyr Aap cly Thr lla Lai* Pro Lau Lau clu Leu Mr 
•I TO 71 M 

Lya Lya Ml a Lya Pha Lau J la rha Clw Aap Arc Lya Pha Ala Aap lie 
■1 OO II 

Cly Aan Thr Val Lya ma ein Tyr cln Cly cly vji Tyr Lya lla Ala 
100 101 HO 



Val Lya Cly Lau Lya Clu Ala Ala Thr Olu Thr Thr Aap CLn Prs Are 
130 J31 1 tO 

Oly Lau Lau Mat Lau Ala Clu Lau Car Caa Lya Cly Car Ila Ala Xla 

14* no hi no 

cly Lya Tyr Thr Clu Clu Thr Val Clu Ila Ala Lya Car Aap Lyi Olu 
111 170 171 

•ha Val tla Cly Pha Ila Ala Oln Aan Car Hat cly Cly Cln Aap Olu 
100 111 lto 

Oly Pha Aap Trp 21a Ila Mat Thr pro Oly Val Oly Lau Aap Aap Thr 
111 200 2SI 
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Thr Cly Thr A.p 21* 11* Zl* v*l Oly A^o Oly L*a Mi* Cly Ly* Oly f * ) oWI©** 

III 130 *»■ 240 



Ar* A** rr* Lav fcr* olv °iy Blu **» *Y« *»1 Ly« Alt eiy try a in 
241 »a 3»» 



(A) EW««* : S 5 5«X»t 

<bj ew«d»: mm 

CC) lOfti *B* 

CD) h*P5>- : m 

( it ) mrtomm : e d n a 

(1*) 

(a) : cds 

(B) JHEttB : 3. . 5 5 4 

Cf.) mm-. 

(A) : ft**'<r*- K 

( B ) : 3. . 5 5 4 



OA ATT CTO CXa MA AAC OOC CAO OCT ACA CAT TCT OCT HOT ACC ATT 

il« i.*u aiit aiy A*n cly HL» Cly The ML* cy. Al* Cly The Zl* 
1 S ia II 

CCT TCT OAA ABC TAC CCT OTT OCC AAO AAO OCT AAT OTT CTT CCC ATC 
Al* i.r Clu A*r r r r cly val Al* by* Lya Ala Aan val v*l Al* IL*> 
20 21 30 

AAS OTC TTO ACA TCP AAT OCT TCT OUT TOO ATO TCA CAT CTT CTC AAC 
Lya val L*u Aro far A.* 61y Jar Cly lir Mat ««r A.p V*l Lau Ly* 
It 40 41 

OCT OTT SAC TAT BCC ACC CAA TCC CAC TTO OAT OCT OTT AAA AM OOC 
Sly Val clu Tyr Al* Thr Cln far h La La. A.p Ala val Ly. Ly* Cly 



AAC AAC AAA TTT AAC OCC TCT ACC OCT AAC ATC TCA CTC OCT CCT COT 221 EF1>4> H . 

Aan Lya Lya »n* Ly. Cly f*r Thr Al* A*ft Hat Oar L*y Cly Cly Oly 

" 70 7 » c i ) enodi : 

AAA TCT OCT OCT TTO QAC CTT OCA OTC AAT OCT OCT CTT AAC AAT COT 217 ( A ) EfjOl» • 1 8 4 T * V ft* 

Ly* l*r Pro Al* L* H Aap Lau Ala V*X Aan Al* Al* Val Ly* A*o Sly ** 
,0 ■« »° •* (B) EflOfi: 72/R 

ATT CAC TTT OCC OTT CCA OCA CCT AAC CAA AAC CAA OAT OCT TCT AAC US (D) h O i>— > MM it 

11- KLa ph* Ala v.l Al* Al* Olr Aan Clu Aan oin Aap Al* Cy* Am ' 

100 101 ( H ) CttOM : * ■ 

ACC TCC CCA CCA OCT CCT CAC AAT CCC ATC ACC OTC OCT OCA TCA AEC 302 ( a ) C*J ' CWff . 

Thr s*r rra Ala Al* Al* elv Aao Al* II* Thr V*l Cly Al* Th* 

l " 110 "» xu Lm ein olr A .„ « ty Ni . « lf Thr HI. cy. Al. Cly Thr II* Al. 

TTA TCA OAC OCT AOA CCT TAC TTT TCT AAC TAC OCT J 



L.u S*r A*p Ala Ar, Al* Tyr *he *« A.n Tyr Cly Lya Cy. V.l A.p > . e QW Tyir olyr v .l Al. Ly. Ly. Al. A»n V.l V.l Al. 11. 

JJO 13S 14C ao at y*o 

ATT TTC CCT CCA OCT TTA AAC ATT CTT TCT ACC TAC ACT OCT TCC OAT 4 71 ,. r - o1 „ 

II. p.i* Al* Pro CIt L»v» Aan Zl* Lm iar Thr Tyr Ihr Oly Oar A*p v.l L*u Ar-g Mr 01 * " r * p 7. * r 

141 1*0 1.1 J» 40 — 

OAC CCA ACT OCT ACC TTO TCT CCT ACT TCA ATO OCC AOC CCT CAT OTT 527 V.l Ol* Tyc Al. Th* Cl« **r BL* L*U Alp Al* V.l Ly* Ly. Oly AAn 

A.p Al. Thr Ala Thr Lm C*r Oly Thr Bar Mat ai* oar rre Hi* v*l 



!«■ 170 171 



Ly. Ly. Ml. Lya Oly «.* Al. A". H« •« t.* «l» ■»» ^JJ 



CCA CCC TTC CAT OCA AOC TTO CCA CTC O m 
Ala Gly fc* u Ml, Al* *«r L*tt Al. L*U tf . . km „ oly , l# 

lig s« r pro Al* LM A*p l*u Al* v*l Aan Al* Al* v»l Ljr* a*. Qiy iw 

■f « " 

Hi* Fh. Al* V*l Al. ALa 6ly »•« 6l» A.n Cln A*p Al. Cy* A-^ Thr 
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